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ABSTRACT 
This work deals with the synthesis and physico-chemical studies on macrocycHc moieties containing N. 0 and S as donor atoms and their complexes with first row transition metal ions Mn(II). Co(II). Ni(ll). 
Cu(ll) and Zn(II). The whole work is divided into eight chapters. The chapter 
11] deals with a general introduction of macroc\clic complexes. This also 
describes the general characteristics of macrocyclic molecules and different 
t\pes of synthesis of macrocyclic moieties containing N. O and S atoms and the 
application of these macroc\cles in various fields. The chapter [2] gives the 
details of physico-chemical methods, the instruments and the experimental 
conditions involved in the characterization of various macrocyclic moieties 
synthesized. 
The chapter [3] explains the synthesis and physico-chemical studies of 
octaazamacrocyclic complexes: dichloro/nitrato (1:2.10:1 l-Diphenyl-4.5.7.8.13. 
14.16.17-octaazacyclooctadecane-3.8.12.17-tetraene)metal(Il). [ML'X^] (M = 
Mn(II), Co(II), Ni(II), Cu(U) and Zn(n); X= CI or NO3) and dichloro/nitrato 
(1:2.10:11 -Diphenyl-6,15-dimethyl-4.5.7.8.13.14,16,17-octaazacyclooctadecane-
3, 8, 12, 17 -tetraene) metal(II), [ML-X.] (M = Mn(II). Co(II). Ni(ir). Cu(II) and 
Zn(II); X= CI or NO3). The synthesis of these macrocyclic moieties have been 
accomplished by the template condensation reaction of hydrazine hydrate, o-
phthalaldehyde and formaldehyde or acetaldehyde with metal salts in 4:2:2:1 
molar ratio in methanolic medium. The nature of bonding and stereochemistry' of 
the complexes have been deduced from the elemental analyses. FT-IR. 'H NMR. 
EPR. UVA i^s Spectroscopy, magnetic susceptibility and conductivity 
measurements. An octahedral geometr}' has been suggested for all the complexes 
and the observed low molar conductance values indicate their non-ionic nature. 
The IR spectra of these complexes exhibit a singfe. sharp absorption band 
in 1570-1660 cm"' region, attributed to the coordinated imine v(C=N) 
stretching vibration. The bands characteristic of free primary amine or carbonyl 
groups of aldehyde moieties were not observed. The single sharp absorption 
band appearing in 3200-3290 cm'' region may be assigned to the coordinated 
v(N-H) stretching vibrations of a secondar>- amine moiety. The other 
prominent bands like v(C-H), v(N-N) and v(M-N) appeared at their estimated 
positions. The appearance of bands corresponding to v(M-O) and v(M-Cl) 
further confirm the involvement of nitrato and chloro groups in the complexes. 
The 'H N M R spectra of all the Zn(II) complexes show the multiplet in 2.96-
3.10 ppm region assigned to methylene protons (N-CHi-N; 4H). The singlet in 
8.32-8.38 ppm region is assigned to the four equivalent carboximine protons 
(CH=N; 4H). The observed magnitudes for magnetic moments and molar 
conductivity as well as the bands observed in the electronic spectra of the 
complexes indicate an octahedral geometr}' for the complexes. However, the 
geometry is distorted in copper(II) complexes . The EPR spectra of copper(II) 
complexes gave gy and gi values in the 2.190-2.252 and 2.040-2.059 regions 
respectively, indicating that the unpaired electron is in the 
d , J orbital. 
The chapter [4] describes the synthesis and characterization of 
decaazamacrocyclic complexes: dichloride/nitrate(2:20.10:12-dipyridyl-
3.9.13.19-tetraoxo-1.4.5.7.8.11.14.15.17.18.-decaazacycloeicosane)metal(ll). 
[MLjX, (M = Mn(II). Co(II). Ni(II), Cu(II) and Zn(II) ; X = CI or NO.,). These 
complexes have been synthesized by the reaction of pyridine-2.6-dicarboxylic 
acid, hydrazine hydrate and formaldehyde in presence of transition metal ions 
in 2:4:2:1 molar ratio in methanol, resulted in the formation of a new series of 
tetraamide decaazamacrocyclic complexes [MLJX2 (M = Mn(II). Co(ll). Ni(ll). 
Cu(n) and Zn(II); X = CI or NO3). The analytical results suggest that the 
proposed macrocyclic complexes have 1:1 metal to ligand stoichiometry. The 
observed molar conductance values are indicative of the 1:2 electrolytic nature 
for all of these complexes. 
The most significant feature of IR spectra of all these complexes is the 
appearance of four amide bands in the 1670-1720, 1450-1520, 1240-1285 and 
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640-675 cm"'region assigned to amide I [v(C=0)]. amidell [v(C-N)+5(N-H)]. 
amidelll [5(N-H)] and amide IV. wagging [p(C=0)] vibrations, respectively. 
Ail complexes exhibit a single sharp band in the 3220-3260 cm' region 
ascribed to the coordinated secondary amino group whose position was found 
to be shifted to lower energy suggesting that the nitrogen of the amide group is 
involved in coordination to the metal ions The involvement of the pyridine 
nitrogen in coordination has been further confirmed by the appearance of a 
medium intensity band in the region 230-260 cm''corresponding to v(M-N)py . 
The other prominent bands like v(C-H). v(C-N). v(N-N) and v(M-N) 
appeared at their expected positions. The 'H N M R spectra of the Zn(II) 
complexes show a broad singlet in 8.38-8.40 ppm region assigned to the amide 
protons (CO-NH ; 4H). A triplet in 8.42-8.44 ppm and a doublet in 7.83-7.86 
ppm region assigned to the coordinated pyridine moiety of the pyridine-2.6-
dicarboxylic acid molecule corresponding to H„ and Hp of the pyridine ring . 
The calculated gy and gj^  values of the copper(II) complexes appeared in the 
2.35-2.37 and 2.09-2.10. respectively and calculated G values are in the 3.7-3.8 
region. In these complexes G<4 is indicative of the considerable exchange 
interaction. The results of electronic spectra, molar conductivit}' and magnetic 
moment values suggest an octahedral geometry. 
The chapter [5] deals with the synthesis and characterization of dioxotetraamine 
macrocyclic complexes: dichloro/nitrato (1.2:5,6:9.10-triben2o-3.8-dioxo-12.14-
dimethyl-4,7,1 l,15-tetraazac>clopentadecane-l 1,14-diene) metal (II), [MLXiJ (M = 
Mn(II), Co(II), Ni(II) and Zn(II): (X = CI or NO.O and (1,2:5,6:9,10-tribenz(>3.8-dio.\o-
12,14-dimethyl-4,7,11,15-tetraazacycIopentadecane-11,14-diene)copper(II) 
dichloride/nitrate[CuL]X2; X = CI or NO;,. The complexes have been prepared via the 
template condensation reaction of o-aminobenzoic acid, with o-phenylenediainine and 
2,4-pentanedione in 1:2:1:1 molar ratio in methanolic solution. The elemental anaKses 
results are consistent with the proposed 1:1 metal to ligand stoichiometr>'. All the 
complexes show non electrolytic nature in DMSO except copper complexes which 
show 1:2 electrolytic nature. 
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The IR spectra of all the complexes show bands mainly in the regions 
1680-1735, 1480-1530,1240-1270 and 640-670 cm"' assignable to amide I. II. 
Ill and IV vibrations, respectively. This result has been further confirmed by 
the appearance of a strong medium intensity band in the 1590-1620 cm" 
region, assigned to the coordinated imine v(C=N). A single sharp band at ca 
3240 cm"' region is assigned to coordinated secondary amino groups. However, 
the characteristic bands of the v(M-N). v(M-O) and v(M-Cl) appeared at their 
estimated positions. The 'H N M R spectra of the Zn(II) complexes show singlet 
in 8.32-8.35ppm region which may be ascribed to the amide protons (CO-NH ; 
2H). A sharp singlet observed for all the complexes in 2.48-2.55 ppm region 
may be assigned to the imine methyl protons (CH3-C=N : 6H) of the 2.4-
pentanedione moiety . The EPR spectra of copper complexes showed gn and gi 
values at 2.13-2.23 and 2.05-2.08 regions respectively. In these complexes g|| < 
2.3 and G<4 is indicative of the exchange interaction in the solid complexes. 
The observed values of magnetic moments and the position of absorption bands 
in the electronic spectra confimi an octahedral geometry for Mn(II). Co(II). 
Ni(II) and Zn(II) and square planar geometry for Cu(II) complexes. 
The chapter [6] describes synthesis and characterization of mixed nitrogen-
sulfur donor set macrocyclic complexes: dichloro/nitrato (2.3:8.9-dibenzo-4.7-
dithia-l,10-diazacyclotridecane)metal(II). [MLX,] (M = Mn(II) and Co(II): X = 
CI or NO3) and (2,3:8,9-dibenzo-4.7-dithia-1.10-diazacyclotridecane)metal(II) 
dichloride/nitrate [MLJX:, (M = Ni(II) and Cu(II); X = CI or NO3). The template 
condensation of metal salt with o-bromoaniline, 1.2-ethanedithiol and 1.3-
dibromopropane in 1:2:1:1 molar ratio resulted in the formation of this new series 
ofdithiadiazamacrocyclic complexes. 
The IR spectra of all the macrocyclic complexes exhibit a strong intensity 
band in the 3250-3310 cm'' region ascribed to the N-H stretching vibration. 
The bands observed in 1160-1200 cm"' region are reasonably assigned to 
v(C-N) which strongly support that the cyclization has been taken place. In 
addition to this strong intensity band in the 330-380 cm"' region are assignable 
to M-S stretching vibration. Other important bands show v(M-N). v(M-O) 
and v(M-Cl) at their estimated positions. The EPR spectra of all copper(II) 
complexes show gy and g^ values in the 2.09-2.12 and 2.03-2.04 range 
respectively, which represent (g||>2.3) that d ,_ , may be the ground state. The 
spectra and magnetic moment values suggest that Mn(II) and Co(II) complexes 
exhibit octahedral geometry while the square planar geometry is proposed for 
Ni(n) and Cu(ll) complexes. 
The chapter [7] describes the synthesis and spectrochemical studies of hexaaza 
macrocyclic complexes: dichloro/nitrato(2:14.7:9-dipyridyl-4,5.1 l.I2-tetramethyl-
1.3.6.8.10.13-hexaazacyclotetradecane-3.5.10.12-tetraene)metal(II). [ML'XI] (M = 
Mn(ll). Co{lI), Ni(Il). Cu(II) and Zn(ll); X= CI or NO3] and dichloro/nitrato(2.T6.8.T0-
dipyridyl4,6,12,14-tetramethyl-1,3,7.9,11.15-hexaazacyclohexadecane-3,6,11,14-
tetraene)metal(II), {ML%] (M = Mn(II). Co(II), Ni(II), Cu(II) and Zn(II); X = CI or 
N03].The reaction of 2,6-diaminopyridine and 2.3-butanedione or 2.4-pentanedione 
with respective metal salt in 2:2:1 molar ratio resulted in the isolation of this new class 
of schiflfbase hexaazamacrocyclic complexes. 
The appearance of a new weak absorption band in the IR spectra of all the 
complexes in the 1570-1620 cm' region may be assigned to the imine v(C=N) 
stretching vibration whose position is consistent with that of a coordinated 
C=N group which indicates the formation of the azomethine group during the 
condensation . This result provides e\idence for the formation of the 
macrocyclic frame work.However, characteristic bands of the v(C-H). 
v(M-N), v(M-O) and v(M-Cl) appeared at their expected positions. The 'H 
NMR spectra of the Zn(II) complexes show a sharp signal observed at 2.42-
2.53 ppm corresponding to imine methyl (CH3-C=N ;12H) protons. A triplet at 
8.34-8.42ppm and a doublet at 7.55-7.72 ppm may reasonably be assigned to 
pyridine moiety of 2.6-diaminopyridine molecule corresponding to H^ and H|( 
of pyridine ring. At room temperature EPR spectra of copper(Il) complexes 
showed gyand gi values at 2.21-2.28 and 2.10-2.15 cm"', respectively. In these 
complexes G<4 is indicative of the considerable exchange interaction . The 
electronic spectra and the magnetic moment data are consistent with the 
hexacoordination at the metal centers maintaining the octahedral geometry 
around the metal ions. 
The chapter [8] discusses the synthesis of pentaazamacrocyclic complexes of 
few first row transition metal series derived from 2.6-diaminopyridine: 
dichloro/nitrato (2:15-pyridyl-1.3.7.10.14-pentaazacyclopentadecane)metal(Il). 
[MLX.] (M= Mn(II). Co(II). Ni(II). Zn(II) ; X = CI or NO.,) and (2:l5-pyrid}'l-
1,3,7,10,] 4-pentaazacyclopentadecane)copper(II). dichloride/nitrate[CuL]X2; (X 
= CI or NO;,).This class of pentaazamacrocyclic complexes have been 
s\'nthesi2ed by the template condensation reaction of 2.6-diaminopyridine with 
1.2-diaminoethane and 1.3-dibroinopropane in 1:1:1:2 molar ratio. All the 
complexes are non electrolytes in DMSO. except the copper complexes which 
were of 1:2 electrolyte type. 
1 he IR spectra ol" all the complexes did not show bands corresponding to 
primary amine. The bands at ca. 3200 cm"' assignable to the coordinated 
secondary amino stretching mode indicated that the proposed condensation has 
occurred. The other prominent bands like v(C-N). v(C-H). 5(C-H) and 
v(M-N) appeared at their estimated positions. The appearance of bands 
corresponding to v(M-O) and v(M-Cl) further confirm the involvement of 
nitrato and chloro groups in the complexes. The 'H N M R data for all 
mononuclear Zn(II) complexes show a multiplet in the 6.94-6.98 ppm region 
which can be assigned to the secondary amino (C-NH-C: 4H) protons of the 
1.2-diaminoethane and 1,3-dibromopropane moiety. The EPR spectra of the 
Cu(Il) complexes showed gy and gi values in 2.15-2.23 and 2.05-2.08 regions 
respectively. In these complexes G<4 is indicative of the considerable 
exchange interaction. The observed values of magnetic moments and the 
position of absorption bands in the electronic spectra confirm an octahedral 
geometry for Mn(II), Co(II), Ni(II) and Zn(II) ions whereas square planar 
geometry for Cu(II) ions. 
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1.1 GENERAL INTRODUCTION 
The Chemistry of the macrocyclic moieties involving N. P, 0 and S atoms in 
the ring have been a subject of considerable interest in the recent years.''"' The 
field has undergone spectacular growth after the early 1960s due to the 
pioneering independent contributions of Curtis"''" and Busch. ' The 
coordination chemistry of these macrocyclic s)stems is mainly confined to 
those systems containing N, O and S donor atoms. The chemistry of 
macrocyclic ligands proves to be a challenging research area as these 
molecules display unique and exciting chemistries due to their function as 
receptors for substrates of widely differing physical and chemical properties 
and upon complexation can drastically alter these properties. 
The macrocyclic ligands and their complexes have a diverse use in 
various fields. They find their application in biological systems'"*''^  and are used 
as models for protein metal binding sites, metalloenzymes'^''^, pigments, 
vitamin Bp, photosynthesis, dioxygen. sodium and potassium ion transport.''^ ""' 
In biomedical systems"''''^ they are used as therapeutic reagents'''••'^ in chelate 
therapy for the treatment of metal intoxication, as anti-HIV agents"'^ '"''\ and as 
cyclic antibiotics whose antibiotic activity is because of specific metal 
complexation. Macrocyclic complexes are also used as synthetic ionophores"*"""". 
as sequestering reagents for specific metal ions"^ "'"*\ as chemical sensors'*"'''' in 
catalysis. They have their rapidly growing applications as radiophannaceuticals. 
Chanter-1 
contrast agents in magnetic resonance imaging^"'^ ^ (MRI) and as Luminescence 
sensors.^ '^^ ^ 
Recognition of the importance of complexes containing macrocyclic 
ligands has led to a considerable effort being invested in developing reliable 
inexpensive synthetic routes for these compounds.^ '^^ " Many of these synthetic 
macrocyclic polyethers, polyamines, polythioethers and other related molecules 
have been shown to possess very interesting and unusual binding properties."''"'"'""' 
A large variety of cyclic polyamines having three to six functional groups in the 
ring and macrocycles containing pendant arms have been synthesized. 
However, the majority have four functional groups which are more or less 
evenly spaced in a ring containing 12 and 16 atoms. Several classes of 
macrocyclic ligands containing var\'ing combinations of aza(N), oxa(O). 
phospha(P) and sulfa(S) ligating atoms can be tailored to accommodate specific 
metal ions by the finetuning of the ligand design features, such as the 
macrocyclic hole size , nature of the ligand donors, donor set, donor array, ligand 
conjugation , ligand substitution number and sizes of the chelate rings, ligand 
llexibility. and nature of the ligand backbone. The different types of macrocjclic 
ligands are particularly exciting because of the importance in generating new 
areas of fundamental chemistry and many opportunities of applied chemistrs'. 
The majority of macrocycles represent creative and focussed efforts to design 
molecules which will have particular uses. 
The first macrocyclic compound prepared from a diacid was dimeric 
ethylene succinate (Fig. 1) reported^ ** by Vorlander in 1894: subsequently. 
Chanter-I 
\'er\ little work was done with macrocyclic diesters untill 1930s when 
Carothers and his co-workers^ *^ "™ commenced a study of polyesters including 
the macrocyclic monomeric and dimeric carbonates, oxalates, etc. The main 
interest in macrocyclic diester compounds involved their use in preparation of 
perfumes.^' First documented macrocycle possessing a pyrrole (Fig. 2). 
Subheterocyclic ring was synthesized ' in 1886 by Baeyer via. the 
condensation of pyrrole and acetone in the presence of mineral acid. 
O 
H,C. 
HX 
,CH-
CH-
Fig. 1 Fig. 2 
Macrocyclic complexes in general have the following characteristics.^" 
1) They can stabilize high oxidation states^ "* that are not normally 
readily attainable. 
2) A marked kinetic inertness both to the fomiation of the complexes 
from the ligand and metal ion and to the reverse, the extrusion of the 
metal ion from the ligand. 
3) They have high thermodynamic stability and the fonnation constants. 
Clianter-I 
For [N4] macrocycles it may be in the orders of magnitude greater^^ than 
the formation constants for non-macrocyclic [N4] ligands. Thus for Ni""^  the 
formation constant for the macrocyclic cyclam is about five orders of 
magnitude greater than for the non macrocyclic tetradentate. The additional 
enhancement in stability expected from gain in translational entropy can not be 
attributed to the unusual chelate effect that has been termed as the macrocyclic 
effect.^ ^ The differences in configurational entropy is because greater loss in 
entropy would be expected in the complexation of the open chain ligand than in 
the macrocyclic ligand. The macrocyclic effect has both enthalpic and entropic 
components as compared to the chelate effect which is largely entropic in 
origin . Thus for the macrocycle the donor atoms are constrained near the 
required coordination sites and so the ligand is pre-strained to suggest 
additional stability compared with the non macrocycle. The macrocyclic effect 
is best understood by considering the thermodynamics''^"^' of the metal 
complexation reactions. 
The chemistry of macrocycles containing nitrogen and oxygen atoms 
have been studied widely mainly with multidentate macrocycles. Multidentate 
macrocyclic ligands are cyclic molecules consisting of an organic frame work 
made up of heteroatoms which are capable of interacting with a variet}' of 
metal species. It is now well established that macrocyclic molecules containing 
the binding centers as [N4], [Ng], [Ng]. [N4O2], [N4S2] and [N2S2] can stabilize 
unusual hiaher oxidation states of metal ions. 
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Naturally occurring macrocyclic complexes of the porphyrin or corrin 
ring systems and the industrially important metal-phlhalocyanine complexes 
have been studied for many years." '^^ '''''^  Synthetic ring complexes mimic some 
aspects of these naturally occurring complicated macrocyclic ring systems and 
at present the study of such compounds is receiving much attention . During 
recent years various physico-chemical methods specially electroanalytical 
techniques have been utilized in investigating the eiectropolymerization of 
ligand under suitable conditions. There are a few macrocyclic complexes which 
adopt a wide range of conformers of similar energies. Knowledge of substrate 
binding preferences and stereochemistry can be effectively utilized in the 
synthesis of novel receptor ligands by considering the geometry control into the 
receptor design. Interaction of the macrocyclic ligands and substrate can be fine 
tuned by appropriate selection of the binding sites, environment and over all 
ligand topology. 
The macrocycles are generally synthesized either 'Tree" or bound to a 
given metal ion. But there are some potential dis-advantages in the later. The 
preparation of the free macrocycles has certain advantages in many cases. The 
purification of the organic product may be more readily accomplished than 
purification of its complexes, and further the characterization by physical 
techniques becomes more easy. But the free macrocycles are often of low yield 
for the desired product and may have side reactions. To over come this problem 
the ring closure step in the synthesis may be carried out under conditions of 
high dilution or a rigid group inay be introduced to restrict rotation in the 
CluiDter-l 
open chain precursors**"'**', thereby facilitating cyclization. One effective 
method for the synthesis of macrocyclic complexes involves an in-situ 
approach where the presence of metal ion in the cyclization reaction markedly 
increase the yield of the cyclic product. The metal ion plays an important role 
in directing the steric course of the reaction and this effect is tenned "metal 
template effect."^" The metal ion may direct the condensation preferentially to 
cyclic rather than the polymeric products. The metal ion and the anion are 
important to the template process because the balance between the size of the 
cation and anion will determine the degree of dissociation of the metal salt in 
the reaction medium.**"' 
The diamine schiff base macrocycles obtained by the condensation of 
one molecule each of the dicarboxyl compounds and diamine precursors have 
been termed "l + I" macrocycles and the tclraimine macrocycles obtained by the 
condensation of two molecules of the dicarboxyl compounds with the two 
molecules of the diamine moiety have been temied "2+2" macrocycles as a 
consequence of the number of head and lateral units present. " ' 
The formation of "1 + 1" macroc\cle via intramolecular mechanism or 
"2+2" macrocyle via the bimolecular mechanism depends on one or more of 
the under given factors during the synthesis of schiff base macrocycles. 
I) The insufficient chain length to span two carbonyl groups in the 
diamine will block the formation^^ of "1 + 1" macrocycle. 
II) A "2+2" condensation may occur**^  if the template ion is large with 
respect to cavity size of the "1 + 1" ring. 
haoter-l 
III) The electronic nature of the metal ion and the requirement of a 
preferred geometry of the complex. 
IV) The conformation of the "1 + 1" acyclic chelate. 
go 
Curtis has demonstrated the template potential of metal ions in the 
formation of the isomeric tetraazamacrocyclic complexes (Fig. 3 and Fig. 4) 
by the reaction of [Ni(en)3](C104)2 with acetone as shown in (Scheme 1). The 
first example of a deliberate synthesis of a macrocycle using this procedure was 
described by Thompson and Busch " to synthesize the complexes (Fig. 5) as 
shown in (Scheme 2). While the metal salts had been shown to facilitate the 
self condensation of o-phthalonitrile to give metal phthalocyanin complexes 
(Scheme 3). 
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The metal template method for multidentate macrocyclic ligands has been 
recognized as offering high yielding and selective routes to new ligands**'^ -'^ " and 
their complexes.^''^' Much of the early work featured the use of transition metal 
ions in the template synthesis of quadridentate macrocycles . The directional 
influence of orthogonal d-orbitals was regarded as instrumental in guiding the 
s\nthetic pathway. This technique has been extended in the last decade by using 
organotransition metal derivatives to generate tridentate cyclononane 
complexes.^ '^^ ^ The synthesis of macrocyclic complexes by the metal template 
method was extended by the use of s-p block cations as template devices to 
synthesize penta and hexadentate schiff base macrocycles*^ "^"" and a range of 
102-105 106 tetraimine schiff base macrocycles by the Sheffield "' ' and Belfast research 
group. 
The template potential of a metal ion in the fonnation of a macrocycle 
depends on the preference of the cations for stereochemistries in which the 
bonding d-orbitals are in orthogonal arrangements. This is exemplified b}' the 
obser\ation that neither copper(II) nor nickel(II) acts as template'"'' for the 
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pentadentate "1+1" macrocycles (Fig. 6-8) derived by the schiff base 
condensation of 2,6-diacetylpyridine with triethylenetetraamine. N,N'- bis (3-
aminopropyl) ethylenediamine, or N,N'-bis (2-aminoethyl)-l,3-propanediamine. 
respectively. However, Mg*", Mn^', Fe"^ ", Co^~,Zn "^, Cd^" and Hg"^ ' serve as 
effective templates leading to the fomiation of 7-coordinate complexes of 
(Fig. 6 and Fig. 7) and pentagonal bipyramidal geometries for Mg"*, Mn'"^ , Fe'"'. 
Fe'^. Zn'"^ , and Cd'"^  and 6- coordinate pentagonal pyramidal geometries for 
Co'". Cd"^  and Hg"^'°^""^ In the synthetic pathway of macrocycles the size of 
cation used as the template has proved to be of much importance. The 
compatibility between the radius of the templating cation and the "hole" of the 
macrocycle contributes to the effectiveness of the synthetic pathway and to the 
geometry of the resulting complex. For example, cation of radius less than 
0.80A do not seem to generate complexes as shown in (Fig. 8). Fenton and his 
co-workers^^ demonstrated cation cavity "best-fit" in the formation of Schiff 
base macrocycles by synthesizing oxaazamacrocycles using alkaline earth cation 
as templating device . The smaller metal ion favours the fonnation of "l + l" 
(Fig. 9) while the large metal ion favours the formation of "2+2" macrocycle 
(Fig. 10) as shown in (Scheme 4). Among the alkaline earth cations for example 
onl\- magnesium generates the pentadentate "1+1" macrorycle (Fig. 9) but it is 
ineffective in generating the hexadentate "1+1" macrocycles (Fig. 11) which are 
readily synthesized in the presence of larger cation such as Ca•'^  Sr'^ Ba"^  and 
Pb ' ' . The preference for the formation of "1 + 1" or "2+2" schiff base macrocycle 
in the metal template condensation depends on the cations radius. 
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During the course of the schiff base condensation of the appropriate 
diamine and dicarbonyl precursors in the presence of an alkaline earth metal 
ion template macrocyclic complexes resulting from the condensation of one 
molecule of the dicarbonyl and two molecules of the diamine precursors are 
commonly isolated in good yield. Some reactions demonstrate the facility and 
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reversibility of amine exchange (transamination) and its importance in the 
metal ion template synthesis of macrocyclic schiff base ligands. Thus it has 
been observed that excess of free diamine or free metal ion suppress the 
formation of macrocycle. The sequence of reactions involving ring closure by 
transamination with a concomitant ring contraction and reduction in ligand 
denticity and subsequent ring expansion in the presence of larger metal ions is 
illustrated in (Scheme 5). Thus it has been observed that when the metal ion is 
too small for the macrocyclic cavity ring contraction takes place by 
transimination with a concomitant reduction in ligand denticity and ring size. 
The complex of the ring contracted macrocycle undergoes ring expansion in 
the presence of larger metal ions. 
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Lindoy and co-workers have developed design strategies for new 
macrocyclic ligand systems which are able to recognize particular transition 
and post-transition metal ions. They have prepared and studied the 
discrimination of metal ions by ligand and by following the occurrence of 
"structural dislocation" along a series of closely related (Fig. 12 and Fig. 13) 
mixed donor ligand system. 
\J 
R' = R- = (CH2),,(CH,) 
Fie. i; 
X = NH, O, S 
Fig. 13 
The chemistry of synthetic macrocyclic polyamines and macrocyclic 
dioxopolyamines has been drawing much interest.''^''^"'"^ These macrocycles 
form much more stable and selective complexes with various transition metal 
ions than do open chain analogues having the same donor arrangement . The 
metal complexes of the 14-membered cyclic tetraamine 
1,4,8,11-tetraazacyclotetradecane (Fig. 14) represent reference systems^ '^"'^  in 
the coordination chemistry of azamacrocycles. The synthesis''^"'"' of ligands 
(Fig. 15, 16 and Fig. 17) led to the study of their complexes. Studies on their 
complexes proved that all the (Fig. 15,16 and Fig. 17) form stable complexes 
with transition metal ions'"•'"•' and the Cu"^  complex of the 14-membered 
(Fig. 16) is the most stable among these complexes. 
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The pyridyl-containing 14-membered macrocyclic ligand (Fig. 18) 
forms with Cu'* the complex [CuL]"* which is reported to be yellow in the 
solid form and reddish violet in methanol solution whereas the 14-membered 
macrocyclic tetrapeptide (Fig. 19) reacts with Cu'^ to form a quadruply 
deprotonated peptide complex with alternating 15 and 16 membered rings. The 
macrocyclic peptide ligands are known to coordinate to group I and 2 metal via 
peptide oxygens but the macrocyclic peptide complexes (Fig. 19) were found 
to be the first report of coordination to a transition metal via peptide nitrogen. 
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Majority of nitrogen-donor macrocycles that have been studied are 
quadridentate eg. ligands (Fig. 14 and Fiig. 20). To fully encircle a first row 
transition metal ion a macrocyclic ring size of between 13 and 16 members are 
required provided that the nitrogen donors are spaced such that five six or 
seven membered chelate rings are produced on co-ordination.''"*''"^ A number 
of larger ring macrocycles containing more than four donor atoms have also 
been reported and one example of such a large ring ligand''^ incorporating 
more than one metal ion is shown in (Fig. 21). 
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The amide macrocyclic ligands are of great interest because their metal 
complexes can function as porphyrin analogues in catalyzing organic oxidation 
reactions. The coordination chemistry of polyamide macrocycles is of 
particular interest in view of two potential donor atoms i.e; amide nitrogen and 
oxygen. However, in most of the polyamide macrocyclic complexes, amide 
nitrogen is engaged in coordination and not the oxygen. The formation of an 
amide is normally carried out after conversion of the carboxyl component to a 
more reactive acyl derivative which can react with the amino component under 
mild conditions . A number of macrocyclic tetraamides have been described in 
the literature. Rybka and Margerum have discussed the chemistry of ligand 
(Fig. 22) which was prepared by the conventional methods employed in 
peptide synthesis. An American group has described a general method for the 
synthesis of macrocyclic tetraamide ligands (Fig. 23) by aminolysis of the 
thiazolidine-2-thione amides of dicarboxylic acids with diamines. Macrocyclic 
tetraamides can be prepared in high yield by this route. 
O, v-- NH HN, 
•NH HN^^'^^^O 
•(CH2)n 
- ^ ' 
.NH HN. 
(CH2)n (CH,)n 
NH HN 
0 (CH2L' ^0 
Fig. 22 Fig. 23 
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Great efforts have been made in the incorporation of functionalized 
pendant groups into a saturated macrocyclic tetraamine structure to modify its 
confomiational and redox properties of the metal complexes. E. Kimura and 
co-workers have reported a few examples of the macrocyclic dioxotetramines 
bearing functionalized pendant groups'"'' (Fig. 24). Macrocyclic 
oxotetraamines bear dual structural features of macrocyclic tetraamines and 
oligopeptides and can stabilize higher oxidation states of some of the transition 
metal ions 128-135 The above properties have been applied to superoxide 
dismutase like catalysts and some of these compounds have been used as metal 
136 ion carriers. Hay and his co-workers studied " tetraaza system which has a 
pendant primary amine function, able to coordinate to the metal centre. 
Fig. 24 
Novel macrocyclic ligands bearing 2-methyl pyridine and 
8-methylquinoline as additional pendant donors have been reported.'^^ It was 
mentioned that these complexes can remarkably stabilize the trivalent oxidation 
state of nickel H2L' while destabilizing the trivalent oxidation state of copper 
compared with the unsubstituted H^L'^ (Fig. 25). 
Chiwter'l 
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Dioxo[13]ane N4 ligands bearing 2-methyl and 8-methyl quinoline as additional pendant donors. 
Kanda and his co-workers discussed the preparation and reaction of a 
tetradentate schiff base ligand having a pendant ihioether function. 138 
,139 Stephenson and co-workers " produced a fifteen membered macrocycle 
bearing a hydroxy group and investigated its reactivity. Busch and 
co-workers studied a macrocycle with a pendant pyridai function which is 
sterically restricted in its binding to the metal centres. 
In Recent past Shakir and his co-workers 41-146 have developed a 
strategy for the synthesis of amide macrocyclic complexes. They have reported 
a wide variety of tetraaza. hexaaza and octaaza macrocyclic complexes bearing 
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amide groups . Most of them were prepared via the template condensation 
reaction of "(2+2)" dicarboxylic acid with di or tri amines and self 
condensation of o-aminobenzoic acid. A series of reinforced macrocycles 
(Fig. 26) has been reported. "'*'' The first example of this type was synthesized 
by Wlainright and Rama Subbu'""*''^ ^ which showed much greater rigidity 
than do their non- reinforced analogues. 
Fig. 26 
A variety of macrocyclic complexes which have adjacent nitrogen atoms 
(cyclic hydrazines, hydrazones or diazines) are formed by condensation 
reactions of hydrazine, substituted hxdrazines or hydrazones with carbon\l 
compounds. The reactions are parallel in diversity with those of amines, but are 
often more facile since the reacting NH2 groups are not generally coordinated 
and the electrophile is thus not in competition with metal ion. The resulting 
macrocycles may be capable of coordination isomerism , since either of the 
adjacent nitrogen atoms can act as donor atom. 
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Condensation of monocarbonyl compound with a dihydrazone initially 
yields a macrocycle with a tetraaza six membered chelate ring (Scheme 6) or 
(Scheme 7) but this can isomerize to give a triaza five-membered chelate ring 
(Scheme 8) where cyclization is by a reaction subsequent to the 
hydrazone/carbonyl condensation'^'' as for isomeric pair of compounds 
(Fig. 30 and 31). Compounds with triaza (Fig. H) and tetraaza (Fig. 28) seven 
membered chelate rings have also been prepared.'^'''^" Tetradentate and 
pentadentate aza macrocycles are formed by the condensation of 
2.6-diacetylpyridine with hydrazine (Fig. 34) or dihydrazine'^° (Fig. 35). 
Dihydrazone of cyclic 1,2-diketones react with ortho esters and similar 
reagents to form aza macrocycles (Fig. 36). 
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Several macrocyclic ligands derived from hydrazine precursors have 
been reported'^•'"'"^"' and most of the studies involved in great deal with 
mononuclear complexes. However, less work has been reported for higher 
membered polyazamacrocyclic complexes. Goedken and Peng'^''' have 
reported the synthesis of the 14-membered octaazamacrocyclic complexes b>' 
the template condensation reaction of butane-2,3-dione dihydrazone with 
formaldehyde (Scheme 9). In a general sense for macrocyclic C u " complexes, 
increasing flexibility in the imine linkage favours their electrochemical 
reduction while opening the macrocycle might be thought of as corresponding 
to extrapolation to infinite ring size, 156-157 Kinetic and thermodynamic 
158 Studies with N2S2 macrocycles also demonstrate the enhanced stability of 
Cu" XN 'ith more flexible ligands. 
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Rosin and Busch'^^''^" have used the reaction sequence (Scheme 10) to 
prepare the quadridentate macrocycles. The final ring closing step gave a 3 8 % 
yield. Initially the corresponding yield of the sulfur analogue of cyclam was 
7 . 5 % although the reaction was perfomied at moderate dilution. 
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Metal ion recognition is a fundamental property of many processes in 
nature, but the factors influencing such recognition are often not well 
understood, especially when substrates incorporating mixed donor sets are 
present . The aza crowns have complexation properties that are intermediate 
between those of all oxygen crowns and of all nitrogen cyclams. 
Recent studies have proved that macrocyclic thioethers readily bind to 
transition metal ions to fonn stable complexes. Bernardo and co-workers have 
made a study of the influence of saturated nitrogen and sulfur donor atoms on the 
properties of copper (II/I) macrocyclic polyamino polythiaether ligand complexes. 
Many macrocyclic complexes in which the fliranyl moiety is part of the macrocyclic 
frame work have been reported earlier. Busch and Coworkers'^ '^ ''^ ' have 
synthesized several sulfur nitrogen containing macrocycles by in situ methods in 
presence of metal ions yielding the metal complex directly. Metal complexes mainly 
of nickel (II) and cobalt (11) containing two sulfur and two nitrogen donors,'^ '"'"'" '^"'^  
four sulfur and four nitrogen donors,'^"'"^ nvo sulfur four nitrogen and one sulfijr 
and four nitrogen donors'^ ''''^ ^ have been synthesized and in some cases the metal 
free ligand has also been obtained . The complexes with four sulfur and two 
nitrogen donors have four sulfur atoms in an equitorial plane and two nitrogen 
atoms are at trans positions. However, in two sulfur and four nitrogen donor atom 
complexes, the metal is located in a cavity bound by six donor atoms ""'^  
octahedrally. D. Funkenieier and his co-workers have reported'^ " the synthesis of 
14-membered trans N2S2 dibenzo macrocycle (Fig. 37). J. Scowen with other 
researchers'''' reported metal ion directed synthesis of novel sulfur based (Fig. 38 
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and Fig. 39) macrocycles .Reaction fomiing acid stable dithiadiaza macrocycles 
proceeded in reasonable yield with carbon acid, even when stoichiometric amount 
of the carbon was employed. Evidently, the condensation reaction of forming 13 to 
16 membered macrocycles for N4 donor molecules transfers readily to mixed S2N2 
donor analogues with the presence of a pair of cis disposed primary amine groups 
being the primary requirement for condensation . Noble attention has been devoted 
in recent years for the development of macrocyclic complexes containing nitrogen 
sulfur or nitrogen, sulfur and oxygen donor atoms, Yasar Gok synthesized hetero-
polynuclear complex [CUCO(LB2F4)L'C1] which was obtained by reaction of the 
BF"" capped cobalt(III) complex with copper (II) acetate.'^ " The compounds like 
[{HgL'(N03)}2] [L'-2,6-oxa-3,9-dithiabicyclo (9,3,1) pentadeca-l,ll,13-triene]. 
[{AgL-(N03)}x] [L--(I,3-bis(phenylthio)methyl)benzene), [{HgL^Cb}^] and 
[{CuL''Cl}2] [L =l,2-bis(ethylthio)methyl)benzene) also appeared in the literature ' 
(Fig. 40). 
^ % . 
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L.F.Lindoy and his coworkers synthesized a 22-membered 
macrocyclic ring incorporating mixed (O4N2, O2S2N2 and N2S4) donor atom sets 
towards copper (II), silver(I) and lead (II). But the behaviour towards silver (I) 
Chanter-I 
was a great interest since inherent in the design of these systems are structural 
Icatures which appeared likely to enhance their relative afilnity for this ion over 
other ions of interest (Fig. 41) .The synthesis of new macrocyclic polythioethcr 
ligands and their study of coordinating abilities towards transition metal ions 
have come into great prominence in last years. It is mainly because of their 
possible use as models of some metalloproteins.'''''''''' Extensive work has been 
reported on the chemistr)- of aliphatic macrocyclic polythioethers, especially 
1.4.7-trithiacyclononane and 1,4,7.10.13,16-hexathiacyclooctadecane ligands 
which exhibit remarkable complexing properties.'''^ "'^ '* L.Escriche and his 
associates reported'^ *^ the synthesis of a large macrocycle incorporating 6-sulfur 
atoms into the macrocyclic frame work. The structure of 2,5,8,17,20,23-
hexathia[9,9]-p-cyclophane (p-Sfi) was determined on the basis of X-ray 
cr}'stallography (Fig. 42). 
Thus the chemistry of macrocyclic compounds is an expanding field 
which needs intensive research and thus thought worthwhile to carry out some 
synthesis of novel macrocyclic moieties which may add up to this vast area of 
knowledge. 
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This chapter covers the basic principles, 
theories and techniques of various 
physico-chemical methods involved in 
characterization of the macrocycles. 
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2.1 INSTRUMENTAL METHODS AND THEORY 
rhere are several physico-chemical methods available for the study of 
coordination compounds and a brief description of the techniques used in the 
investigation of the newly synthesized complexes described in the present work 
are given below: 
1- Infrared Spectroscopy 
2- Nuclear Magnetic Resonance Spectroscopy 
3- Electron Paramagnetic Resonance Spectroscopy 
4- Ultraviolet and Visible (Ligand Field) Spectroscopy 
5- Magnetic Susceptibility Measurements 
6- Molar Conductance Measurements 
7- Elemental Analysis 
2.1.1 INFF^RED SPECTROSCOPY 
When Infrared light is passed through a sample some of the frequencies 
are absorbed while other frequencies are transmitted through the sample 
without being absorbed. The plot of the percent absorbance or percent 
transmittance against frequency, results an infrared spectrum. 
The IR radiation does not have enough energy to induce electronic 
transitions observed in UV spectroscopy. Absorption of IR radiation is 
restricted to the compounds with small energy differences in the possible 
vibrational and rotational states. For a molecule to absorb IR radiation, the 
vibrations or rotations with in a molecule must cause a net change in the dipolc 
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moment of the molecule. The alternating electrical field of the radiation 
interacts with fluctuations in the dipole moment of the molecule. If the 
frequency of the radiation matches the vibrational frequency of the molecule 
then radiation will be absorbed, causing a net change in the amplitude of the 
molecular vibration. 
In the absorption of the radiation, only transition for which change in the 
vibrational energy level is AV=1 can occur, since most of the transition will 
occur from stable VQ to Vi the frequency corresponding to its energy is called 
the fundamental frequency. 
The group frequency which are frequencies of certain groups are 
characteristic of the group irrespective of the nature of the molecule in which 
these groups are attached. The absence of any band in the approximate region 
indicates the absence of that particular group in the molecule. 
The term "infrared" covers the range of electromagnetic spectrum 
between 0.78 and 1000 )im. In the context of infrared spectroscopy, wavelength 
is measured in "wavenumbers", which have the unit in cm"' 
Wave number = 1/wavelength in centimeters 
y=\IX 
It is useful to divide the infrared region into three sections; near, mid 
and far infrared; 
Cfianter-2 
Region Wavelength range(nm) Wavelength range (cm"') 
Near 
Middle 
Far 
0.78-2.5 
2.5-50 n:-;. 
50-1000 
12800-4000 
T 
: ^4000-200 
200-10 
Important Group Frequencies in the IR Spectra Pertinent to the 
Discussion of the Newly Synthesized Compounds, 
a) N-H Stretching Frequency 
The N-H Stretching vibrations occur in the region 3300-3500 cm"' in the 
dilute solution.' The N-H stretching band shifts to lower value in the solid state 
due to the extensive hydrogen bonding. Primary amines in the dilute solutions, in 
non-polar solvents give two absorptions i.e. symmetric stretch found near 3400 
cm"' and asymmetric stretch mode found near 3500 cm"'. Secondary amines 
show only a single N-H stretching band in dilute solutions. The intensity and 
frequency of N-H stretching vibrations of secondary amines are very sensitive to 
structural changes. The bands are found in the range 3310-3350 cm"' (low 
intensity) in aliphatic, secondary amines and near 3490 cm"' (much higher 
intensity) in heterocyclic secondary amines such as pyrazole and imidazole, 
b) Methyl Group Frequency 
Absorption arising from C-H stretching in the alkanes occurs general!}' 
in the region of 2840-3000 cm"'. The position of C-H stretching vibrations are 
among the most stable in the spectrum. An examination of a large number of 
saturated hydrocarbons containing methyl group showed in all cases, two 
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distinct bands occurring at 2960 cm'' and 2870 cm''. The first of these results 
from asymmetric stretching mode in which two C-H bonds of the methyl 
group are extending while the third one is contracting (Vas\> CH3). The second 
arises from symmetric stretching (Vsy,CH3) in which all three of the C-H bonds 
extend and contract in phase. The presence of several methyl groups in a 
molecule results in a strong absorption band at these vibrational modes. 
c) C-N Stretching Frequency 
The C-N stretching absorption gives rise to strong bands in the region 
1250-1350 cm'' in all the amines.''' In primary aromatic amines there is one 
band in the region 1250-1340 cm'' but in secondary amines two bands have 
been found in the region 1280-1350 cm'' and 1230-1280 cm''. 
d) C=N Stretching Frequency 
Schiff s bases (RCH=NR, imines), oximes, thiazoles, iminocarbonates 
etc. show the C=N stretching frequency in the 1471-1689 cm'' region.''" 
Although the intensity of the C=N stretch is variable, however it is usually 
more intense than the C=C stretch. 
e) N-N Stretching Frequency 
A strong band appearing in the region around 1000 cm"' may reasonably 
be assigned" to v (N-N) vibrations. 
0 S-H Stretching Frequency 
The S-H stretching vibrations in mercaptans are usually observed in the 
range 2500-2600 cm''. The S-H absorption is not inherently strong and is often 
difficult to detect in dilute solution or in samples examined in very thin cells. 
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g) C-S Stretching Frequency 
The C-S stretching frequency generally appear''" as a band of weak or 
moderate intensity in the range 570-720 cm''. There appears to be a progressive 
decrease in the frequency in the order, primary, secondary and tertiary C-S. In 
aromatic derivatives the C-S frequenc)' is higher due to the presence of the 
intense C-H out of plane deformation band in this region. In phenyl, sulphonyl, 
halides the C-S vibration occurs between 706-715 cm' . 
h) 0 -H Stretching Frequency 
The 0-H stretching frequency is observed'"'* nearly in the same range as 
N-H frequency (3400-3500 cm''). However, the observed absorption for N-H 
is normally narrower than for 0-H. This is a useful means of distinguishing N-~ 
H and 0-H stretching modes. 
i) Amide Bands 
Amide I Band: All amides show a carbonyl absorption band known as 
the amide I band.''"*. Its position depends on the degree of hydrogen bonding 
and thus on the physical state of the compound. The C=0 absorption (amide 1 
band) of amides occurs at longer wave length than normal carbonyl absorption 
due to the resonance effect. Primary amides have a strong amide I band in the 
region of 1650 cm'' when examined in the solid phase. When the amide is 
examined in dilute solution the absorption is observed at a higher frequency, 
near 1690 cm''. Simple open chain secondary amides absorb near at 1640 cm'' 
when examined in solid state. 
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Amide II Band: Primary and secondary amides show a second strong 
band in the 1600-1500 cm"' region which is absent from the spectra of tertiary 
amides and also from those of cyclic lactams under normal conditions. This 
band is generally referred to as the amide II band. 
Primary amides show this second band very close to the main carbonyl 
absorption. Usually its intensity is about half to one- third that of the CO 
absorption and it lies on the low-frequency side in the range 1650-1620 cm'' in 
case of solids. '^^  In some instances the two bands falls so close together in the 
spectrum of solid materials that only a single band appears.However, the two 
bands show frequency shifts in opposite directions following changes of state, 
thus the presence of both can be established in this v/ay. Various workers in 
this field^'^ have reported that the band occurs in the 1620-1650 cm"' region in 
the solid state, falling to 1590-1620 cm'' in dilute solution. 
All secondary amides show amide II absorption band in the region of 
1550 cm' in case of solids. There are various views by different workers to 
explain this band in case of secondary amides. One commonly accepted 
explanation of this band is that it arises from the NH deformation mode and 
that it is therefore similar in origin to the amide II band of unsubstituted 
amides. However, this simple explanation is not entirely satisfactory for 
\arious reasons. The most popular of the alternative explanations offered has 
been the assignment of this band to a C-N stretching motion in which the C-N 
link has considerable double-bond character due to its resonance with the 
carbonyl group.^ This is supported to some extent by deuteration data and is 
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consistent with the results of X-ray work .but has other defects, that it does not 
account for the absence of the band in tertiary amides, or for the polarization 
results. 
o 
Lenormant gave a third explanation and revived the two molecular 
state theory in a modified form. In this, both amide I and II bands are attributed 
10 carbonyl vibrations. The first arises from the normal keto form and the 
second from a polar modification associated as a dimer. This theory has been 
seriously weakened by Gierer's observations'^  that the amide II band persists in 
vapours when only unassociated molecules are present. 
Frazer and Price'° have reconciled all these discordant views. 
Accordingly, they assigned the amide II band as a mixed vibration, which can 
best be described as an out-of-phase combination of OCN and NH vibrations in 
which the angular displacement of the hydrogen atom plays the greater part. 
This view, that mixed vibrations are involved has won almost general 
acceptance. Several groups of workers^ have found a frequency range of 1515-
1570 cm"' for materials examined in the solid state, a considerable proportion 
of which absorb near the mean value of 1540 cm"'. In solution the amide II 
band shifts towards lower frequencies with in the range 1510-1650 cm"'. 
Amide III Band: This absorption band occurs in secondary amides'"'" 
in the region 1305-1200 cm"' and is usually notably weaker than either of the 
amide I or II bands. It is almost certain due to a mixed vibration involving 
OCN and N-H modes, The amide III absorption in normal amides is sensitive 
to deuteration changes, indicating mixing but in thioamides it is essentially 
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unchanged and is then wholly attributable to a C-N mode. Changes of state 
result in marked shifts in normal amides, but are notably reduced in the thio-
derivatives. 
Amide IV and Amide VI Bands : Mizushima et al" identified the 
low frequency absorptions in secondan,' amides near 620 cm"' and 600 cm'' and 
termed them as amide IV and amide VI bands, respectively, they have their 
origins in skeletal modes and are of limited use for characterization purposes. 
j) Pyridine Ring Vibration 
The free pyridine molecule exhibits three important ring vibrations, i.e. 
6a and 8a vibrations (in-plane ring deformations) appearing around 601 and 
1578 cm'' respectively''''"", while the 16b vibration (out- of- plane ring 
deformation) is observed around 403 cm''. It has been indicated, that the 
positions of the two lower bands are very sensitive and undergo a positive shift 
after coordination. The magnitude of the positive shift is reported to be a 
function of the stereochemistr>' and the nature of the metal ions, 
k) (M-N)py Stretching Frequency 
The involment of the pyridine nitrogen in coordination is confirmed by 
the appearance of a medium intensity band in the region 225-260 cm'' 
corresponding''''" to v(M-N)py. 
I) M-N Stretching Frequency 
The M-N stretching frequency is of particular interest since it provides 
direct infonnation regarding the metal-nitrogen coordinate bond. Different amine 
complexes exhibited" the metal-nitrogen frequencies in the 300-450 cm' region. 
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m) M-S Stretching Frequency 
The metal-sulfur stretching frequency is interesting, as it gives a direct 
e\'idence for coordination through the sulfur atom in metal mercapto 
complexes. It has been reported" that M-S appear in the region 325-390 cm"', 
n) M-X Stretching Frequency 
Metal-halogen stretching bands appear" in the region of 500-750 cm'' for 
MF. 200-400 cm'' for MCI, 200-300 cm'' for MBr and 100-200 cm'' for MI. 
o) M-0 Stretching Frequency 
Metal-oxygen stretching frequency has been reported to appear in 
different regions for different metal complexes. The M-0 stretching frequency 
of nitrato complexes lie in the range of 250-350 cm''. Furthermore unidentate 
nitrate group display bands around 1497, 1271 and 992 cm'' region assigned" 
to V (N-0) vibrations. 
FTIR spectra (4000-200cm'') were recorded as KBr or CsCl discs on a 
Perkin Elmer-62i spectrophotometer from Central Research Drug Institute. 
Lucknovv, India. 
2.1.2 NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 
' H N M R Spectroscopy 
Nuclei of isotopes which possess an odd number of protons, and odd 
number of neutrons or both exhibit mechanical spin phenomenon which are 
associated with angular momentum. This angular momentum is characterized 
by a nuclear spin quantum number, I such that, I = l/2n, where n is an integral 
0. 1,2.3, etc. 
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The nuclei witii 1 = 0, do not possess spin angular momentum and do not 
exhibit magnetic resonance phenomena. The nuclei of 'C and *0 fall into this 
categon'. Nuclei for which 1=1/2 include 'H. 'V, '^ C. "''P and ''N. while 'H and 
" N have 1=1. 
Since atomic nuclei are associated with charge, a spinning nucleus 
generates a small electric current and has a finite magnetic field associated with 
it. The magnetic dipole, )i, of the nucleus varies with each element. When a 
spinning nucleus is placed in a magnetic field, the nuclear magnet, experiences 
a torque which tends to align it with the external field. For a nucleus with a 
spin of 1/2, there are two allowed orientations of the nucleus, parallel to the 
field (low energy) and against the field (high energy). Since the parallel 
orientation is lower in energy, this state is slightly more populated than the 
anti-parallel, high energy state. 
If the oriented nuclei are now irradiated with electromagnetic radiation 
of the proper frequency, the lower energy state will absorb a quantum of energy 
and spin-flip to the high energy state. When this spin transition occurs, the 
nuclei are said to be in resonance with the applied radiation, hence the name 
Nuclear Magnetic Resonance. 
The amount of electromagnetic radiation necessary for resonance 
depends on both the strength of the external magnetic field and on the 
characteristic of the nucleus being examined. The nucleus of the proton, placed 
in 14.000 gauss field, undergoes resonance when irradiated with radiation in 
the 60 MHz, higher magnetic fields, such as those common in superconducting 
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magnets, require higher energy radiation and give a correspondingly higher 
resolution. 
The 'H ^4MR spectra in DMSO-dg using a Bruker AC 200E NMR 
spectrometer with Me4Si as an internal standard were obtained from Guru 
Nanak Dev University, Amritsar and Indian Institute of Technology, Kanpur. 
India. 
2.1.3 ELECTRON SPIN RESONANCE SPECTROSCOPY 
In 1936, Gorter demonstrated'"'''^ that a paramagnetic salt when placed 
in a high frequency alternating magnetic field absorbs energy which is 
influenced by the application of a static magnetic field either parallel or 
perpendicular to the alternating magnetic field. Since then this phenomenon has 
become a technique of immense importance in science. 
It is well known that a paramagnetic ion has a magnetic moment and 
therefore its ground state is degenerate. If this ion is placed in a strong static 
magnetic field the degeneracy is lifted and the energy levels undergo a Zeeman 
splitting. Application of an oscillating magnetic field of appropriate frequenc}' 
will induce transitions between the Zeeman levels and the energy is absorbed 
from the electromagnetic field. If the static magnetic field is slowly varied, the 
absorption shows a series of maxima. The plot between the absorbed energ\' 
and the magnetic field is called the electron paramagnetic resonance spectrum. 
A system of charges exhibit paramagnetism whenever it has a resultant 
angular momentum. Such paramagnetic systems includes elements containing 
3d. 4d. 4f 5d, 5f, 6d etc. electrons, atoms havina an odd number of electrons 
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like hydrogen, molecules containing odd number of electrons such as NO2, NO 
etc. and free radicals which posses an unpaired electron like methyl, diphenyl 
picryi hydazide free radical etc. are among the suitable reagents for EPR 
investigation. Splitting of energy levels in EPR occurs under the effect of two 
types of fields, namely the internal crystalline field and applied magnetic field. 
While studying a paramagnetic ion in a diamagnetic crystal lattice, two types o( 
interactions are observed, i.e. interactions between the paramagnetic ions called 
dipolar interaction and the interactions between the paramagnetic ion and the 
diamagnetic neighbour called crystal field interaction. For small doping amount 
of paramagnetic ion in the diamagnetic host, the dipolar interaction will be 
negligibly small. The latter interaction of paramagnetic ion with diamagnetic 
ligands modifies the magnetic properties of the paramagnetic ions. According 
to crystal field theor), the ligand influences the magnetic ion through the 
electric field, which they produce at its site and their orbital motion gets 
modified. The crystal field interaction is affected by the outer electronic shells. 
The dipole-dipole interacfion arises from the influence of magnetic field 
of one paramagnetic ion on the dipole moments of the neighbouring, similar 
ions. The local field at any given site will depend on the arrangements of the 
neighbours and the direction of their dipole moments. Thus the resultant 
magnetic field on the paramagnetic ion will be the vector sum of the external 
field and the local field. This resultant field varies from site to site giving a 
random displacement of the resonance frequency of each ions and thus 
broadening the line widths. 
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Hyperfine interactions are mainly magnetic dipole interactions between 
the electronic magnetic moment and the nuclear magnetic moment of the 
paramagnetic ion. The quartet structure in the EPR of vanadyl ion is the result 
of h)perfine interactions. The origin of this can be understood simply by 
assuming that the nuclear moment produces a magnetic field BN at the 
magnetic electrons and the modified resonance condition will be E = hv = 
gP IB + BN i where BN takes up 21+1, where I is the nuclear spin. There may be 
an additional hyperfine structure also due to interaction between magnetic 
electrons and the surrounding nuclei called superhyperfine structure. The effect 
was first observed by Owens and Stevens in ammonium hexa chloroiridate 
and subsequently for a number of transition metal ions in various hosts. ' 
EPR spectra of all the copper complexes were recorded on a JEOL JES RE2X 
EPR spectrometer at room temperature from the Department of Physics, Aligarh 
Muslim University, Aligarh, India. The g||>gi and G values were calculated from 
these spectra. 
2.1.4 ULTRA-VIOLET AND VISIBLE (LIGAND FIELD) 
SPECTROSCOPY 
Most of the compounds absorb light somewhere in the spectral region 
between 200 and 1000 nm. These transitions correspond to the excitation of 
electrons of the molecules from ground state to higher electronic states. In a 
transition metal all the five d-orbitals viz. «',„ d^,, d,., d, and d, , are 
•\y • yi xz • J.- X -y 
degenerate. However, in coordination compounds due to the presence of 
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ligands this degeneracy is lifted and d-orbitals split into two groups called h. 
(<:/,„ J^ and d^..) and e„ (rt', and d . ,) in an octahedral complex and t and e in 
a tetrahedral complex. The set of t^ g orbitals goes below and the set of Cu 
orbitals goes above the original level of the degenerate orbitals in an octahedral 
complex. In case of the tetrahedral complexes the position of the two sets of the 
orbitals is reversed, the e going below and t going above the original 
degenerate level. When a molecule absorbs radiation, its energy is equal in 
magnitude to hv and can be expressed by the relation: 
£ - / 7 V 
or E = hc/X 
Where h is Planck's constant, v and X are the frequency and wavelength of the 
radiation, respectively and c is the velocity of the light. 
In order to interpret the spectra of transition metal complexes, the device 
of energy level diagram based upon "Russell Saunder Scheme' must be 
introduced. This has the effect of splitting the highly degenerate configurations 
into groups of levels having lower degeneracies known as "Term Symbols". 
The orbital angular momentum of electrons in a filled shell vectorically 
adds up to zero. The total orbital angular momentum of an incomplete d shell 
electron is observed by adding L value of the individual electrons, which are 
treated as a vector with a component ml in the direction of the applied field. 
Thus 
L = I, mii =0, 1,2,3,4,5,6, 
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S, P, D, F. G, H, 1 
The total spin angular momentum S = Zi S; where Sj is the value of spin 
angular momentum of the individual electrons. S has a degeneracy x equal to 
2S + 1. which is also known as Spin Multiplicity Thus a term is finally 
denoted as L^ . For example, if S = 1 and L = 1, the term will be "'P and 
similarly if S = 1 V2, and L = 3, the term will be '^ F. 
In general the terms arising from a d" configuration are as follows. 
d'd^ ^ : D^ 
d-d^ : ^F ,^P , 'G . 'D , 'S 
d' d^  : ^F, V. -H, "G, 'F, "0(2). -P 
d' d^  : 'D, -'H, ^G, ¥(2). ^D. -P(2), 'l, 'G(2) , 'F , 'D(2) . 'S(2) 
d- : ^S, ^G, •'F, ""D. ^P, -I, -H. -G(2), -F(2), "0(3), -P. "S. 
Coupling of L and S also occurs, because both L and S if non-zero, 
generate magnetic fields and thus tend to orient their moments with respect to 
each other in the direction where their interaction energy is least. This coupling 
is known as LS coupling' and gives rise to resultant angular momentum 
denoted by quantum number J which may have quantized positive values from 
|L + S I up to I L - S I e.g., in the case of ¥ (L = 1, S = 1), "'F (L = 3, S - 1 V2) 
possible values of J representing state, arising from term splitting are 2,1 and 0 
and 4 '/2, 3 V2, 2 V2, and 1 V2. Each state specified by J is 2J + 1 fold degenerate. 
The total number of states obtained from a term is called the multiplet and each 
value of J associated with a given value of L is called component. Spectral 
transitions due to spin-orbit coupling in an atom or ion occurs between the 
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components of two different muitiplets while LS coupling scheme is used for 
the elements having atomic number less than 30, in that case spin-orbital 
interactions are large and electrons repulsion parameters decreases. The spin-
angular momentum of an individual electron couples with its orbital 
momentum to give an individual J for that electron. The individual J s couple to 
produce a resultant J for the atom. The electronic transitions taking place in an 
atom or ion are governed by certain Selection Rules which are as follows 
1. Transitions between states of different multiplicity are forbidden. 
2. Transitions involving the excitation of more than one electron are forbidden. 
3. In a molecule, which has a centre of symmetry, transitions between two 
gerade or two ungerade states are forbidden. 
It is possible to examine the effects of crystal field on a polyelectron 
configuration. The ligand field splitting due to, cubic field can be obtained b)' 
considerations of group theory. It has been shown that an S state remains 
unchanged. P states does not split, and D state splits into two and F state into 
three and G state into four states as tabulated below: (Applicable for an 
octahedral Oh as well as tetrahedral Td symmetry). 
S - A, 
P — T, 
D - E + T2 
F A2 + T, + T2 
G -- A. + E + T, + T2 
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Transitions from the ground state to the excited state occur according to 
the selection rules described earlier. The energy level order of the states arising 
from the splitting of a term state for a particular ion in an octahedral field is the 
reverse that of the ion in a letrahedral field. However, due to transfer of charge 
from ligand to metal or metal to ligand, sometimes bands appear in the 
ultraviolet region of the spectrum. These spectra are known as 'Charge 
Transfer Spectra or "Redox Spectra." In metal complexes there are often 
possibilities that charge transfer spectra extend into the visible region to 
obscure d-d transition. However, these should be clearly discerned from the 
ligand bands, which might also occur in the same region. 
The electi'onic Spectra of complexes in DMSO were recorded on a Pye-
Unicam 8800 spectrophotometer at room temperature from the Aligarh Muslim 
University, Aligarh, India. 
2.1.5 MAGNETIC SUSCEPTIBILITY MEASUREMENTS 
Tlie detennination of magnetic moments of transition metal complexes have 
been found to provide ample information in assigning their structure. The main 
contribution to bulk magnetic properties arises from magnetic moment resulting 
from the motion of electrons. It is possible to calculate the magnetic moments of 
known compounds from the measured values of magnetic susceptibility. 
There are several kinds of magnetism in substances viz. diamagnetism. 
paramagnetism and ferromagnetism or antiferromagnetism. Mostly compounds 
of the transition elements are paramagnetic. Diamagnetism is attributable to the 
closed shell electrons with an applied magnetic field. In the closed shell the 
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electron spin moment and orbital moment of the individual electrons balance 
one another so that there is no magnetic moment. Ferromagnetism and 
antiferromagnetism arise as a result of interaction between dipoles of 
neighbouring atoms. 
If a substance is placed in a magnetic field H. the magnetic induction B 
with the substance is given by 
B = H+4;:I 
Where I is the intensity of magnetization. The ratio B/H is called 
magnetic permeability of the material and is given by 
B/H = 1+ 4K(I/H) =I+4KK 
Where K is called the magnetic susceptibility per unit volume or volume 
susceptibility. B/H is the ratio of the density of lines of force within the 
substance to the density of such lines in the same region in the absence of 
sample. Thus the volume susceptibility of a vacuum is by definition zero since 
in vacuum B/H - 1. 
When magnetic susceptibility is considered on the weight basis, the 
gram susceptibility (Xg) is used instead of volume susceptibility. The fief,-value 
can then be calculated from the gram susceptibility multiplied by the molecular 
weight and corrected for diamagnetic value as 
fi,,-2-U^x7-TBM 
where T is the absolute temperature at which the experiment is perfonned. 
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The magnetic properties of any individual atom or ion will result from 
some combination of these two properties that is the inherent spin moment of 
the electron and the orbital moment resulting from the motion of the electron 
around the nucleus. The magnetic moments are usually expressed in Bohr 
Magnetons (BM).The magnetic moment of a single electron is given by 
/J, = g^S(S + \) BM 
Where S is the spin quantum number and g is the gyromagnetic ratio. 
For Mn" ,^ Fe"'"' and other ions whose ground states are S states there is no 
orbital angular momentum. In general however, the transition metal ion in their 
ground state D or F being most common, do possess orbital angular 
momentum. For such ions, as Co""' and Ni""', the magnetic moment is given by 
/i,,,,P^V4^s(57ij7I(z:7i) 
In which L represents the orbital angular momentum quantum number for the ion. 
The spin magnetic moment is insensitive to the environment of metal 
ion. the orbital magnetic moment is not. In order for an electron to have an 
orbital angular momentum and there by an orbital magnetic moment with 
reference to a given axis, it must be possible to transfonn the orbital into a fully 
equivalent orbital by rotation about that axis. For octahedral complexes the 
orbital angular momentum is absent for Aig, A^ g and Eg term, but can be 
present for T|g and T2g ternis. Magnetic moments of the complex ions with A20 
and E„ ground terms may depart from the spin-only value by a small amount. 
The magnetic moments of the complexes possessing T ground terms usually 
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differ from the high spin value and vary with temperature. The magnetic 
moments of the complexes having a ^Aig ground term are very close to the 
spin-only value and are independent of the temperature. 
For octahedral and tetrahedral complexes in which spin-orbit coupling 
causes a split in the ground state an orbital moment contribution is expected. 
Even no splitting of the ground state appears in cases having no orbital moment 
contribution, an interaction with higher states can appear due to spin-orbit 
coupling giving an orbital moment contribution. 
Practically the magnetic moment value of the unknown complex is 
obtained by a Gouy Magnetic balance. Faraday method can also be applied for 
the magnetic susceptibility measurement of small quantity of solid samples. 
The gram susceptibility is measured by the following formula. 
_ A ^ W^^, 
Where Xg ^ Gram Susceptiblity 
AW = Change in weight of the unknown sample with magnets on and 
off 
W = Weight of the known sample 
AWstd = Change in weight of standard sample with magnets on and off 
Wsid = Weight of standard sample. 
Xstd ~ Gram susceptibility of the standard sample. 
Magnetic susceptibility measurements were carried out using Farada\' 
balance at 300°K from Guru Nanak Dev University, Amritsar. India. 
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2.1.6 CONDUCTIVITY 
The resistance of a sample of an electrolytic solution is defined by 
R=p [l/A] 
Where 1 is the length of a sample of electrolyte and A is the cross 
sectional area. The symbol p is the proportionality constant and is a property 
of a solution. This property is called resistivity or specific resistance. The 
reciprocal of resistivity is called conductivity, K 
K = l/p = l/RA 
Since 1 is in cm, A is in cm" and R in ohms (fi), the units of K are H"' 
cm" or S cm'' (Siemens per cm) 
Molar Conductivity 
If the conductivity K is in Q"' cm"' and the concentration C is in mol cm"\ 
then the molar conductivity A is in Q" cm" mol"' and is defined by 
A=K/C 
Where C is the concentration of solute in mol cm"''. 
Conventionally, solutions of 10"^  M concentration are used for the 
conductance measurement. Molar conductance values of different types of 
electrolytes in a few solvents are given below; 
A 1:1 electrolyte may have a value of 70-95 ohm"' cm" mol"' in 
nitromethane, 50-75 ohm"' cm" mol"' in dimethyl fonnamide and 100-160 ohm"' 
cm" mol"' in methyl cyanide. Similarly a solution of 2:1 electrolyte may have a 
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value of 150-180 ohm'' cm" mol"' in nitromethane, 130-170 ohm"' cm" mol' in 
dimethylformamide and 140-220 ohm'' cm" mof' in methyl cyanide.'^'"' 
The electrical conductivities of 10'^  M solutions in DMSO were recorded 
on a Control Dynamics Conductivity Bridge equilibrated at 25° C ± 0.01°C. 
2.1.7 ELEMENTAL ANALYSIS 
The chemical analysis is quite helpful in fixing the stoichiometric 
composition of the ligand as well as its metal complexes. Carbon, hydrogen 
and nitrogen analyses were carried out on a Perkin Elmer-2400 analyzer from 
Central Drug Research Institute, Lucknow, India. Sulfur and Chlorine were 
analyzed by conventional method."' For the metal estimation"", a known 
amount of complex was decomposed with a mixture of nitric, perchloric and 
sulfuric acids in a beaker. It was then dissolved in water and made up to known 
volume so as to titrate it with standard EDTA. For sulphur and chlorine 
estimation, a known amount of the sample was decomposed in a platinum 
crucible and dissolved in water with a little concentrated nitric acid. The 
solution was then treated with either silver nitrate or Barium chloride solution. 
The precipitate v/as then dried and weighed. 
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Synthesis and physico-chemical studies 
of polyazamacrocyclic complexes of few 
first row transition metal divalent ions. 
3.1 SYNTHESIS AND PHYSICO-CHEMICAL STUDIES 
ON 18-MEMBERED OCTAAZAMACROCYCLIC 
COMPLEXES OF Mn(II), Co(II), Ni(II), Cu(n) 
AND Zn(II) IONS 
3.1.1 INTRODUCTION 
The coordination chemistry of macrocyclic ligands is a fascinating research 
area. The synthetic, kinetic and structural aspects' of polyazamacrocyclic 
complexes have received considerable attention. A variety of 
polyazamacrocyclic systems have been synthesized by various workers.''"' 
Macrocyclic complexes are best prepared with the aid of metal ions as 
templates to direct the steric course of the condensation reaction, ultimately 
resulting in ring closure."* 
Macrocyclic complexes are of great importance in enhancing various 
industrial applications" and in a number of biological processes such as 
photosynthesis and dioxygen transport''' catalytic properties'', potential 
applications as metal extractants, radio-therapeutic and medical imaging 
agents . 
The polyazamacrocyclic complexes, particularly the tetraazamacrocyclic 
complexes have been widely studied along with pentaaza and higher 
polyazamacrocycles, which have also appeared frequently, particularly in view 
of their potential for binding more than one metal ion.'° Several macrocyclic 
complexes incorporating the hydrazine moiety in the macrocyclic framework 
recently have been reported."*"" This part of the thesis presents the template 
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synthesis and characterization of octaazamacrocyclic complexes [ML X2] and 
[ML-X2] (M - Mn (II), Co (II), Ni (II), Cu (II) and Zn (II); X - CI or NO3) 
derived from hydrazine hydrate, o-phthalaldehyde and formaldehyde or 
acetaldehyde. 
3.1.2 MATERIALS AND METHODS 
The metal salts MnXj^H.O. CoXj^HjO. NiX2-6H20, CuX.-lH.O. 
ZnCl: and Zn(N03)2-6H20 (X = CI or NO3) (all BDH) were commercially pure 
samples. o-Phthalaldehyde, hydrazine hydrate (BDH), HCMO (37% 
aq.solution) and CH3CHO (E. Merck) were used as received. 
Synthesis of Dichloro/nitrato (1:2, 10:11 - Diphenyl - 4, 5, 7, 8, 13, 14, 16, 17 -
octaazacyclooctadecane - 3, 8, 12, 17 - tetraene) metal(II), [ML'X2] |M = Mn 
(II), Co (II), Ni (II),Cu (II) and Zn (II); X = CI or NO3I. 
To a stirred solution of the respective metal salt (10 mniol) dissolved in 
MeOH (20 niL) in three-necked round-bottomed flask, solutions of hydrazine 
hydrate (40 mmol, 1.96niL) and o-phthalaldehyde (20 mmol, 2.68g) dissolved 
in MeOH (20 niL) were added simultaneously over a period of two hours. 
Stirring was continued for an additional hour followed by the addition of 
formaldehyde (37% aq.solution) (20 mmol, l.SOmL) solution in MeOH 
(20 mL). The resultant mixture was refluxed over night leading to the 
formation of a microcr>'Stalline solid product, which was filtered, washed 
several times with MeOH and dried in vacuo. 
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i)(C-H). The spectra of nitrato complexes gave additional bands around 1210. 
1050, and 860 cm'' regions consistent with the monodentate bonding of this 
group"'. Bands observed in the 230-255 and 270-320 cm'' regions reasonably 
may be assigned"' to D(M-O) and u(M-Cl), respectively. All the complexes 
show bands in the 1410-1460, 1070-1100, and 710-760 cm"' regions 
corresponding to phenyl ring vibrations''. However, a medium-intensity band 
around 930-985 cm'' may be ascribed to the u(N-N) stretching mode of the 
hydrazine moiety. 
The 'H N M R data (Table 3) for all mononuclear zinc(II) complexes show 
I g 
a multiplet in the 6.70-6.96 ppm region which can be assigned to the secondary 
amino (C-NH; 4H) protons of the hydrazine moiety. A multiplet in the 2.96-3.10 
ppm region may be assigned' to the methylene protons [N-CH2-N; 4H]. 
However, a multiplet in the region 7.18 - 7.30 ppm, (49.52-49.61), arguably may 
be assigned to aromatic ring protons. A singlet in the region 8.32-8.38 ppm may 
be assigned to the four equivalent carboximine protons (CH=N; 4H), while a 
singlet at ca. 2.30-2.32 ppm may be ascribed to the methyl protons of the 
acetaldehyde moiety [-CH3; 6H] for complexes derived from acetaldehyde. 
The EPR spectra of the polycrystalline copper(II) macrocyclic 
complexes were recorded at room temperature. No hyperfme splitting has been 
noticed and may be due to the fact that the paramagnetic centers are not diluted 
in a d^ 2_ 2 ground state"°. The calculated gy and gi values of the copper 
complexes fall in the 2.190-2.252 and 2.040-2.059 ranges, respectively, which 
Clianter-3 
suggest that d^^ 2 may be the ground state in axial symmetry. The g values are 
related"' by the expression G = (g||- 2)/(g^ - 2), which measures the exchange 
interaction between copper centres in a polycrystalline solid. The calculated G 
values for these complexes appear in the range 3.22-5.25, which suggests that 
the exchange interaction is negligible. It should be noted" that for an ionic 
environment gy > 2.3, while for a covalent environment gy < 2.3. The copper 
complexes show g|| < 2.3 indicating their considerable covalent character. 
The electronic spectral and magnetic moment data of the complexes 
(Table 4) are consistent with the proposed structures. The manganese(ll) 
complexes odiibit two bands in the 22,400-22,500 and 18,550-18,700 cm'' 
regions assignable''' to ^Aig-^ "'T2g and ^A|g^ '^ Tig transitions, respectively, 
corresponding to an octahedral geometry for the manganese ion. The cobalt 
complexes show two bands appearing at 15,900-16,500 and 21,400-21,850 cm"' 
assignable^^ to the transitions "*T,g(F) -> %g(F) and ''TigCF) -^ •*T,g(P), 
respectively. The electronic spectra of nickel(II) complexes show two bands in 
the 17,500-17,700 and 11,200-11,450 cm'' regions which may be assigned"^ to 
• ; " > - » - 1 
"A2g(F) -> Tig(P) and ''A2g(F) -> "'Tig(F) transitions, respectively, consistent 
with an octahedral geometry around the Ni(II) ion. The electronic spectra of the 
macrocyclic copper(II) complexes show a broad band with maxima in the 
regions 18,500-19,000 and 15,200-16,600 cm'' and may be ascribed'^ to "Big^ 
'Eg and "B,g-> -B2g transitions, respectively, corresponding to a distorted 
octahedral geometry around the copper(II) ion. The high- intensity band 
Chanter-3 
observed at ca. 36, 000 cm' for all the complexes in the UV region may be 
assigned to a ligand to metal charge transfer excitation and a broad absorption 
maximum at ca. 29, 600 cm'' may be due to the n-^ TT* ligand transition. The 
observed magnetic moments for all complexes (Table 4) are consistent with the 
high-spin octahedral geometry around the metal ions which further corroborates 
the electronic spectral findings. 
Chapter-3 
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Template synthesis of polyazamacrocyclic 
complexes of Mn(II), Co(II), Ni(II), Cu(II) 
and Zn(II) derived from pyridine-2,6-
dicarboxylic acid and their characterization. 
Ch(inter-4 
4.1 TEMPLATE SYNTHESIS OF 20-MEMBERED 
DECAAZAMACROCYCLIC COMPLEXES OF 
Mn(I I ) , Co(II), Ni( I I ) , Cu(II) AND Zn(I I ) AND 
THEIR CHARACTERIZATION 
4.1.1 INTRODUCTION 
The chemistiy of macrocyclic compounds is a rapidly developing area in view 
of their various applications''\ for example their use as models for protein 
metal binding sites in biological systems"'"*, in medicine and catalysis etc. Thus, 
there has been a continued interest to design and develop new macrocyclic 
5 8 
Ugands having various industrial applications. 
Metal-ion coordination by pyridine-containing polyaza macrocycles has 
been investigated extensively in the last few years. The presence of the 
pyridine groups in the multidentate macrocyclic framework offers the 
opportunity to obtain highly stable metal complexes due to the fact that there 
has been an interest in the geometrical and chemical consequences of the 
interplay of metal and ligand bonding requirments'^''" for their importance in 
nature. Polyazamacrocycles exhibit interesting coordination properties and are 
capable of forming both mononuclear and binuclear complexes.'" 
Polyamide macrocycles are of particular interest in view of their two 
possible potential donor atoms, nitrogen and oxygen. Their complexes are also 
of special interest because they can function as catalysts in many organic 
oxidation reactions.''^ Macrocyclic polyamides of different ring sizes have 
been prepared by convenient methods.'^'''^ The metal template synthesis is 
ChanteM 
found to direct the steric course of the condensation reaction resulting in ring 
closure.'^''^ Here, we wish to report the synthesis and characterization of 
tetraoxodecaaza macrocyclic complexes obtained from pyridine-2,6-
dicarboxylic acid, hydrazine hydrate and formaldehyde in the mole ratio 2:4:2 
in the presence of metal ions. 
4.1.2 MATERIALS AND METHODS 
The chemicals, pyridine-2,6-dicarboxylic acid (Fluka), hydrazine 
hydrate (BDH) and fomialdehyde (37% aq.solution) (E. Merck), were used as 
received. The metal salts, MnX24H20, CoX2-6H20, NiX2-6H20, CuX2-2H20 
(X = CI or NO3) ZnCb and Zn(N03)2-6H20 (all BDH) were commercially 
available pure samples. 
Synthesis of Dichloride/nitrate (2:20,10:12-dipyridyl-3,9,13,19-tetraoxo-
l,4,5,7,8,ll,14,15,17,18-decaazacycloeicosane)metal(II), [ML]X2 [M = Mn(n), 
Co(n), Ni(n), Cu(n) and Zn(n); X = CI or NO3]. 
A mixture of pyridine-2,6-dicarboxylic acid (20 mmol, 3.34 g) and 
hydrazine hydrate (40 mmol, 1.96 mL) in methanol (20 mL) was placed in a 
250 mL round bottomed flask and refluxed for 3-4 h. A methanolic solution 
(20 mL) of the metal salt (10 mmol) was added dropwise followed by the 
addition of 37% aqueous formaldehyde (20 mmol, 1.50 mL). The resultant 
reaction mixture was refluxed at 80 °C for further 7-8 h. After cooling to room 
temperature the solid product obtained, was filtered and washed several times 
with methanol and dried in vacuo. 
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4.1.3 RESULTS AND DISCUSSION 
A new series of tetraamide decaazamacrocyciic complexes. [MLjXi |M 
= Mn(II). Co(I]). Ni(II). Cu(II). and 2n(II). X = CI or NO.-;], have been 
s)nthesized by the template reaction of pyridine-2,6-dicarboxylic acid, 
hydrazine hydrate and formaldehyde in 2:4:2 molar ratio (Scheniel2). The 
analytical results (Table 5) suggest that the proposed macrocyclic complexes 
have 1:1 metal to ligand stoichiometr}'. All the efforts to grow single crystal 
suitable for X-ray crystallography failed exhausting all procedures known in 
this regard. The observed molar conductance values are indicative of the 1:2 
electrolytic'^ nature of these complexes (Table 5). 
The IR spectra of all the complexes (Table 6) show bands mainly in the 
regions 1670-1720, 1450-1520, 1240-1285 and 640-675 cm'' which may be 
assigned to amide I [v(C=0)], amide II [v(C-N) + 5(N-H)], amide III [5(N-
H)] and amide IV,wagging [p(C=0)] vibrations, respectively.'^'"' The amide I 
band appeared in the region expected for a free amide"''^ '""* suggesting that the 
amide oxygen is not involved in coordination. All complexes exhibit a single 
sharp band at ca. 3220-3260 cm'', ascribed"' to the coordinated secondary 
amino group whose position was found to be shifted to lower energy, 
suggesting-' that the nitrogen of the amide group is involved in coordination to 
the metal ions. Further confirmation regarding formation of polyamide 
macrocycle complexes has been deduced from the appearance of a medium-
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intensity band at 330-380 cm'' assigned"''"" to v(M-N). However, bands 
corresponding to v(C-H) and v(N-N) appeared at their expected positions. 
A shift of pyridine ring vibrations'^'"^ to higher energy as compared to 
that of free pyridine (Table 6) is suggesting that the nitrogen atom of pyridine-
2,6-dicarboxylic acid is involved in coordination to the metal ion. The 
involvement of the pyridine nitrogen in coordination has been further 
confirmed by the appearance of a medium-intensity band in the region 230-260 
cm"' corresponding"" to v(M-N)]>,,. 
The 'H N M R spectra of both zinc complexes were studied showing a 
broad singlet at 8.38-8.40 ppm which may reasonably be assigned"'" to the 
amide [CO-NH (4H)] protons. The spectra show two multiplets in the regions 
6.84-6.88 and 2.85-2.96 ppm which correspond to the secondary amino 
protons, (-NH, 4H), and methylene protons, (N-CH2-N, 4H), of the aldehydic 
moiety"'^ -'", respectively. A triplet at 8.42-8.44 ppm and a doublet at 7.83-7.86 
ppm may reasonably be assigned''''"'" to the coordinated pyridine moiety of the 
pyridine-2,6-dicarboxylic acid molecule corresponding to Hu and Hp of the 
pyridine ring (Scheme 12), (Table 7). 
The EPR spectra (Table 8) of the copper complexes have been recorded at 
room temperature and exhibit an axial-type signal with two g values. All the 
complexes exhibit similar patterns of absorption with a single broad signal. 
Hov\ ever, no complex was found to give hyperfine splitting which may be due to 
the strong dipolar and exchange interactions between copper(II) ions in the unit 
Chahtet-4 
CQW" In the d^ ,_^ , ground state, the gji > gi > 2.02 in most cases while a dz" 
ground state usually '^* gives a spectrum with gi > gn > 2.02 . From the spectra the 
gij and gi values have been calculated (Table 8) and were found to be in the range 
2.35-2.37 and 2.09-2.10, respectively, which indicates essentially a d^ , ,^ ground 
state for the copper(II) ion. The axial spectrum with gy > gx >2.04 is consistent''"^  
with a distorted octahedral structure around the Cu(II) ion. It has been reported"'' 
that the g|| value in a copper(II) complex can be used as a measure of the covalenl 
character of the metal-ligand bond. If g|j exceeds 2.3 the environment is essentially 
ionic while for gy less than 2.3 indicates a covalent environment. The g|| values 
calculated for these complexes exhibit considerable ionic character. In an axial 
symmetry the g values are related" by the expression G = (g|j-2)/(gi-2) which 
measures the exchange of interaction between copper centres in the polycrystalline 
solid. If G > 4 the exchange interaction is negligible and if G < 4, it indicates 
considerable exchange interaction in the solid complexes. The calculated G values 
appeared in the range 3.7-3.8, suggesting that there is a considerable exchange 
interaction between copper(II) centres (G < 4).''^  
The spectral and magnetic moment data (Table 8) recorded at room 
temperature of all the complexes are consistent with the proposed structures. 
The Mn(II) complexes have magnetic moments of 5.76 and 5.79 BM.. which are 
typical for high-spin octahedral complexes."^ The electronic spectra of both 
Mn(II) complexes showed two bands appearing in the 18,550-18,600 and 
22,400-22,500 cm"' regions which may reasonably correspond to the ^Aig->"'T|g 
Cliapter-4 
and ^Aig->''T2g transitions, respectively, consistent with the presence of an 
octahedral coordination geometry'^ " around the Mn(II) ion. The observed 
magnetic moments of the Co(II) complexes correspond to typical high-spin 
octahedral complexes."'^  However, the values are slightly higher than the 
expected spin-only values due to spin-orbit coupling contribution. The cobalt(II) 
complexes exhibit two bands in the 15,750-16,200 and 21,700-21,800 cm"' 
regions, assi gnable to ^T,g(F)^ "*A2g(F) and •'T,g(F)VT|g(P) transitions, 
respectively, consistent with the presence of an octahedral coordination 
geometry'''^  around the cobalt(II) ion. The observed magnetic moments"'^  and the 
bands observed in the electronic spectra""^  of the N!(II) complexes (Table 8) 
compliment each other and justify the octahedral geometry around the Ni(II) ion. 
However, the magnetic moments of the copper(II) complexes are 
consistent with a distorted octahedral geometiy around the Cu(II) ion.^"'"''''" The 
copper complexes exhibit two discemable bands centered in the 16.500-17.000 
and 18.700-19,600 cm'' regions, assignable to "Bi„->"B%, and "B|„->"E„ 
transitions, respectively, coiresponding to distorted octahedral geometry""* 
around the copper(II) ion. The octahedral geometry in all these complexes may 
be compared with the complexes formed by similar type of ligand systems.""''"*" 
The distortion in the octahedral geometry would be possibly due to rigidity 
imposed by pyridine rings leading to a meridional configuration due to the twist 
around the metal. All the macrocyclic complexes exhibit a high-intensity band 
around 33,400 cm'' which is characteristic of L^M charge transfer excitation. 
Ctiiinii'r-4 
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5.1 TEMPLATE SYNTHESIS OF Mn(II), 
Co(II), Ni(II), Cu(II) AND Zn(II) 
COMPLEXES OF DIAMIDEDIIMINE 
MACROCYCLES 
5.1.1 INTRODUCTION 
The chemistry of macrocycHc dioxotetraamines has received much attention and 
has been extensively studied in recent years.'" Such ligands show unique ligating 
behaviour towards divalent 3d cations with simultaneous dissociation of two 
amino groups.' 
They bear dual structural features of macrocyclic tetraamines and 
oligopeptides and have many interesting properties and important functions. They 
can stabilize the higher oxidation states of some transition metals.^ '"^ These 
properties have been applied to superoxide dismutase like catalysts. Furthermore, 
some of these compounds have been used as metal-ion carriers."''' Transition 
metal(II) complexes of macrocyclic dioxotetraamines have interesting properties 
and can be considered as models for metalloproteins and oxygen carriers.'"'''"* 
Great effort has been devoted to the incorporation of functionalized pendant 
groups into a saturated macrocyclic tetraamine structure (e.g. cyclam) to modify 
its conformational and the redox properties of the metal complex.'"^ Polyamide 
macrocycles are of particular interest in view of their two possiple donor atoms i.e 
amide nitrogen and amide oxygen , However, in most of the polyamide 
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macrocyclic complexes amide nitrogen is engaged in coordination and not the 
oxygen.'^''^ Here, we report the synthesis and characterization of dioxotetraamine 
macrocyclic complexes [MLX2] (M = Mn(II), Co(II), Ni(II), and Zn(II) and 
[CuL]X2 (X = CI or NO3] obtained by the template condensation reaction of o-
aminobenzoic acid with o-phenylenediamine and 2,4-pentanedione. 
5.1.2 MATERIALS AND METHODS 
o-Aminobenzoic acid, o-phenylenediamine and 2,4-pentanedione (all E. 
Merck) were used as received . Metal salts, MnX2-4H20, CoX2-6H20, 
NiX2-6H20, CuX2-2H20 (X = CI or NO3), ZnCb and Zn(N03)2-6H20 (all BDH) 
were commercially available pure samples. 
Synthesis of dichIoro/nitrato(l,2:5,6:9,10-tribenzo-3,8-dioxo-12,14-dimethyl-
4,7,1 l,15-tetraazacyclopentadecane-ll,14-diene)metal(II),[MLX2](M=Mn(II), 
Co(II), Ni(n) and Zn(II); (X=C1 or NO3) and (l,2:5,6:9,10-tribenzo-3,8-dioxo-
12,14-dimethyl-4,7,ll,15-tetraazacyclopentadecane-ll,14-diene)copper(II) 
dichlorlde/nitrate [CuLJXz; X = CI or NO3. 
A mixture of o-aminobenzoic acid (20 mmol, 0.274g) and 
o-phenylenediamine (10 mmol, O.lOSg) dissolved in (20 mL) methanol was 
refluxed for about 5h. This was followed by addition of a methanolic solution 
(20 mL) of the metal salts (10 mmol). A methanolic solution (20 mL) of 
2.4-pentanedione (10 mmol, 0.103 mL) was then added and the resultant 
Chanter-5 
mixture was refluxed for 10 h . The solid product produced was filtered washed 
with methanol and dried in vacuo. 
5.1.3 RESULTS AND DISCUSSION 
The template reaction of o-aminobenzoic acid, o-phenylenediamine and 
2.4-pentanedione in a 2:1:1 molar ratio resulted in the isolation of a new class of 
dioxotetraamine macrocyclic complexes as shown in (Scheme 13). The elemental 
analyses results are consistent with the proposed 1:1 metal to ligand stoichiometry 
(Table 9). All the complexes show non-electrolytic nature in DMSO except 
copper complexes which show 1:2 electrolytic nature. They are obtained in a 40-
58% yield, are air stable and insoluble in most of the organic solvents, except 
DMSO and DMF. 
The IR spectra of all the complexes (Table 10) show bands mainly in the 
regions 1680-1735, 1480-1530, 1240-1270 and 640-670 cm '^ assignable'" to 
amide I, II, III and IV vibrations, respectively. All exhibit a single sharp band at 
ca.3240 cm' which may be ascribed"' to coordinated secondary amino groups. 
Thus the amide nitrogen takes part in coordination to the metal ions. The absence 
of bands assignable to the primary amino groups also indicate the formation of the 
proposed macrocyclic moiety. This result has been further confirmed by the 
appearance of a strong medium intensity band in the 1590-1620 cm'' regions, 
assigned "' to the coordinated imine v(C=N) bands . However, the amide I bands 
are observed in the region expected for the metal free amide group which rules out 
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the possibility of a coordinated amide oxygen. Bands at ca. 2900 and 1460 cm' 
for all the complexes correspond to C-H stretching and C-H bending vibrations, 
respectively. However, the bands corresponding to the phenyl group appeared at 
their estimated positions. A medium intensity band in the spectra of all the 
complexes in the 365-420 cm"' region is assigned"' to M-N stretching vibrations. 
The chloro complexes display bands at ca.300 cm" which may be attributed" to 
the \'(M-C1) vibration. The spectra of nitrato complexes gave additional bands at 
ca. 1260, 1025 and 870 cm"' consistent"" with the nitrate group. The bands in the 
245-268 cm"' regions, may be assigned to v(M-O) of the coordinated NO3 group. 
The 'H N M R spectra (Table 11) of all the zinc (II) macrocyclic complexes 
recorded in d6-DMS0, exhibited a broad singlet at 8.32-8.35 pp.m range, which 
may reasonably be assigned"^ to the amide protons (CO-NH; 2H). A multipiet in 
all the complexes in the 7.28-7.32 ppm range corresponds to the phenyl ring 
protons. Two singlets at 1.99-2.08 and 2.48-2.55 ppm may be assigned to the 
methylene (C-CH2-C; 2H) and methyl (CPij-C^N; 6H) protons of the 2.4-
pentanedione moiety, respectively. No compound exhibits the signals 
corresponding to the carboxylic (-CO2H) or amino (-NH2) protons which provide 
support for the structure shown in (Schemel3). 
The e.p.r spectra of the copper(II) complexes were recorded at room 
temperature. The hyperfine splitting signals were absent in all cases .The absence 
of hyperfine signals may be due to the strong dipolar and exchange interaction 
Cluwter-5 
between copper(II) ions in the unit cell.'"* The gn and gi have been calculated 
and observed in the 2.13-2.23 and 2.05-2.08 regions respectively"-', which support 
that the d^,_ , may be the ground state (g,j > gi > 2.02). The g values are related 
by the expression'^, G = (g|r2)/(gi-2) which measure the exchange interaction 
between copper centers in the polycrystalline solid. In the present case the axial 
symmetry parameter, G lies in the 2.6-2.8 range which indicate' exchange 
interaction in the solid complexes. 
The electronic spectra (Table 12) show appearance of two bands in the 
22,400-22,900 and 19,400-19,700 cm'' regions in the Mn(II) complexes which 
may reasonably be assigned^^ to ^Aig '^'T2g and Aig—>"*Tig transitions, 
respectively, consistent with an octahedral geometry around the Mn(II) ion. The 
magnetic moment'^  values in the range 5.75-5.78 B.M. (Table 12) further 
correspond to high spin octahedral complexes. The electronic spectra of the Co(ll) 
complexes show two bands in the 21,500-21,700 and 15,700-16,100 cm"' regions 
which may be assigned'** to •^ T|g(F)->'^ Tig(P) and "^ Tig(F)-»''A2g(F) transitions, 
respectively consistent with an octahedral geometry around the Co(ll) ion. The 
observed' magnetic moment in the 4.53-4.57 B.M. range is in support of high 
spin octahedral geometry. The electronic spectra of the Ni(II) complexes show two 
main bands in the 17,300-17,500 cm'' and 11,200-11,250 cm'' regions which may 
be ascribed'^ to 'A2g(F)^'T,g(P) and 'A2g(F)-^^T,g(F) transitions, respectively, 
consistent with an octahedral geometry around the nickel(II) ion. The observed 
Cliapter-5 
magnetic moment values'^ ' (3.13-3.15 B.M.) also support octahedral geometry of 
the Ni(II) ion. The electronic spectra of the copper(II) complexes show a broad 
band in the 16,100-16,300 cm'' region assignable to 'B|g-^'A|g transitions. 
However, two weak shoulders appearing in the regions 21,500-21,900 and 12,800-
13.500 cm'' may be ascribed"^ to "Big—>'Eg and "B|g-^ "B2g transitions, 
respectively, suggesting a square planar geometry around the copper(II) ions. 
Chanter-5 
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Metal assisted synthesis of mixed 
nitrogen-sulfur donor set. 
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6.1 MACROCYCLIC COMPLEXES OF 
MANGANESE(II), NICKEL(II), 
COBALT(II) AND COPPER(II) 
WITH N2S2 DONOR SET 
6.1.1 INTRODUCTION 
The design and synthesis of macrocyclic compounds incorporating sulfur as a 
donor atom have been a fascinating area of research.'"^ Recently a large number 
of workers''"'^ are engaged for the synthesis of macrocyclic complexes 
incorporating sulfur and nitrogen mixed donor atoms. Macrocyclic complexes 
containing sulfur and nitrogen as donor atoms are of much biological 
significance'*^"'^  and have a large number of industrial applications.'^'"^ They 
are used as ionophores"' , receptor molecules'^, chemical sensors in catalysis"^ 
as models '^^  for protein metal binding sites, metalloenzymes, pigments and 
vitamin B12. In biomedical systems" '^ ^ they are used as therapeutic reagents, 
anti-HIV agents, cyclic antibiotics and radiopharmaceuticals. 
The present study was undertaken with an objective to design and 
synthesise macrocyclic compounds incorporating sulfur and nitrogen as mixed 
donor atoms and a series of dithiadiaza macrocyclic complexes [MLX2], (M = 
Mn(II) and Co(II); X = CI or NO3) and [MLJXj, (M = Ni(II) and Cu(II); X = CI 
or NO3) has been reported. 
ChaDter-6 
6.1.2 MATERIALS AND METHODS 
o-Bromoaniline (Merck), 1,2-ethanedithiol (Fluka) and 1,3-
dibromopropane (Merck) were used as received, metal salts, MnX2-4H20, 
CoX2-6H20, NiX2-6H20 and CuX2-2H20 (X = CI or NO3) were commercially 
available pure samples. 
Synthesis of dichloro/dinitrato (2,3:8,9-dibenzo-4,7-dithia-l,10-
diazacyclotridecane) (L) metal (II), [MLXj] (M= Mn(II) and Co(II); X= CI or 
NO3) and (2,3:8,9-dibenzo-4,7-dithia-l,10-diazacyclotridecane) (L) metal(II) 
dichloride/dinitrate, [MLJXj, (M= Ni(II) and Cu(II); X = CI or NO3). 
Methanolic solution of o-bromoaniline (10 mmol, 0.172 g) was taken in 
a two-necked round bottom flask and methanolic solution of ethanedithiol 
(5 niniol, 0.429 mL) was added to this solution. Then methanolic solution of 
1.3-dibromopropane (5 mmol, 0.517 mL) and respective metal salt (5 mmol) 
w ere mixed simultaneously and the mixture was stirred for 8 hours. A coloured 
solid product was obtained which was filtered, washed with methanol and dried 
over fused CaCh in a desiccator. 
6.1.3 RESULTS AND DISCUSSION 
A series of dithiadiaza complexes [MLX2] (M = Mn(II) and Co(II); X = 
CI or NO3) and [MLJX,. (M = Ni(II) and Cu(II); X= CI or NO3) have been 
prepared by the template reaction of o-bromoaniline, 1,2-ethanedithiol and 1.3-
dibromopropane with metal salt in 2:1:1:1 molar ratio (Scheme 14). The 
analytical results (Table 13) suggest that the proposed macrocyclic complexes 
C/nintc'r-6 
HS SH 
M- CjH^Br, 
2+ 
M = Mn(II) and Co(ll) 
X = CI or NO, 
M=Ni(II)andCu(II) 
X = CI or NO, 
Scheme 14 
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have 1:1 (metal to ligand) stoichiometry. An attempt to prepare the 
corresponding free ligand has been unsuccessful. The observed molar 
conductance values indicate 1:2 electrolytic nature of the Ni(II) and Cu(II) 
complexes. 
The IR spectra (Table 14) of all the macrocyclic complexes exhibit a 
strong intensity band in the region 3250-3310 cm'' ascribed to the N-ll 
stretching vibration."^ Bands observed in the region 1160-1200 cm'' may 
reasonably be assigned to C-N stretching vibrations."** Appearance of a sharp 
band in the 390-450 cm' region may reasonably be assigned to v(M-N).' Ail 
the complexes show bands in the 1410-1460, 1070-1100 and 720-740 cm'' 
regions which can be assigned to phenyl ring vibrations.'^ The spectra of 
nitrato complexes gave additional bands around 1230, 1050 and 850 cm'' 
regions consistent with the monodentate bonding of this group. Bands at 230-
240 and 280-310 cm'' in the nitrato and chloro complexes are assignable''" to 
v(M-O) and v(M-Cl) respectively. However a strong intensity band in the 
region 330-380 cm'' may be assigned to M-S stretching vibration. 
The EPR spectra (Table 15) of both the Cu(II) complexes at room 
temperature exhibit a single absorption band. The absence of hyperfme 
splitting in these complexes is due to the strong dipolar and exchange 
interactions between the Cu(II) ions in the unit cell. The calculated gy and gi 
values appeared in the range 2.09-2.12 and 2.03-2.04 respectively which 
supports'"' that the d^,_^, may be the ground state (gy > gi > 2.02). The 
ChanU'r-6 
magnitude of the ratio G = (gn - 2) / (gi - 2) indicates''^ the possibility of the 
exchange interaction in these complexes. In the present case the G values 
appeared at 3.00 indicating considerable exchange interaction in these 
complexes. The gn value (g|| < 2.3) indicates""' covalent character of the metal 
ligand bond. 
The electronic spectra (Table 15) of the manganese complexes gave two 
bands in the regions 22,400-22,600 and 18,600-18,900 cm"' which may be 
assigned"'^  to ^Ai„ -> "'T2g and ^Aig -> ""Tig transitions, respectively, suggesting 
an octahedral environment around the manganese(II) ion. The spectra of the 
cobalt complexes gave two ligand field bands in the regions 21,400-21,700 and 
15,950-16,100 which are assignable'^ to Ihe ''Tig (F) -> "'T,g (P) and •*T|g (F) 
->"*A2g (F) transitions, respectively, consistent with the octahedral geometr)' of 
the cobalt(II) ion. This has been further confirmed by the appearance of two 
bands in their electronic spectra centered in the 19,400-20,100 and 15.200-
15,700 cm''regions, which may reasonably be assigned''^  to the 'Ajg -> 'A2g 
and Aig -^ Big transitions, respectively, consistent with an square planar 
geometry around the nickel(ll) ion. The electronic spectra of copper complexes 
showed a broad band centered at ca 16,100 cm"' assignable""^ to "Big -> "Ai„ 
transitions. However, two weak shoulders appearing in the regions 21,200-
21.800 and 11,500-11.900 cm"' may be ascribed to "Big -^ \ and "Big -^ "B.g 
transitions, respectively, suggesting a square planar geometry around the 
copper(II) ions. 
Chanter-6 
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Synthesis of hexaaza schiff base 
macrocyclic complexes and their 
physico-chemical properties. 
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7.1 SYNTHESIS AND PHYSICO-CHEMICAL STUDIES 
OF 14-16 MEMBERED HEXAAZAMACROCYCLIC 
COMPLEXES OF TRANSITION METAL IONS 
DERIVED FROM 2,6-DIAMINOPYRIDINE AND 
DIONES 
7.1.1 INTRODUCTION 
In the past decade a great attention has been devoted to the design and synthesis of 
schiff bases with enhanced ability to selectively encapsulate given metal ions. ' 
Macrocyclic complexes containing nitrogen donor atoms formed by the template 
condensation between carbonyl groups with amine in the presence of a metal ion 
have been reported." '^ The relationship of electronic properties and reactivities of 
these synthetic macrocyclic complexes to those of naturally occurring 
Q 
macrocycles, such as porphynns and corrins continues to promote great interest in 
their design and preparation. Studies of macrocyclic complexes have shown that 
some are involved in important biological process^, such as photosynthesis and 
dioxygen transport , in addition to their catalytic properties" which may lead to 
important industrial applications. Their enhanced kinetic and thermodynamic 
stabilities led to a widespread study of the features which also influence their 
potential applications as metal extractants'^, as radiotherapeutic'^, as medical 
imaging agents''' , as MRI contrast agents'"^  and can also be used as effective 
sequestering agents for toxic metals.'^ Cyclic tetraamines have received 
considerable attention owing to their coordination properties towards various 
Cbanter-7 
metal cations.'^ The increasing.need of finely tuned macrocycles requires the 
development of new synthetic tools for the preparation of such ligands. The metal 
template synthesis is found to be an effective method to synthesize macrocyclic 
complexes. It direct the steric course of the condensation reaction resulting in ring 
closure.'*''^ Here we report the synthesis and characterization of 
hexaazamacrocyclic complexes [ML'X2] [ML'X2] for M = Mn (II), Co (II), Ni 
(II), Cu (II) and Zn (II); X = CI or NO3 obtained from the template condensation 
reaction of 2,6-diaminopyridine with 2,3- butanedione and 2,4-pentanedione. 
7.1.2 MATERIALS AND METHODS 
2,6-Diaminopyridine, 2,3-butanedione and 2,4-pentanedione (aU Aldrich) were 
used as received. Metal salts, MnX.^HjO, CoX2-6H20, NiX2-6H20, CuX2-2H20 
(X = CI or NO3 ). ZnCb and Zn (N03)2-6H20 (all BDH) were commercially available 
pure samples. 
Synthesis of dichloro/nitrato (2:14,7:9-dipyridyl-4,5,ll,12- tetramethyl-
1,3,6,8,10,13- hexaazacyclotetradecane-3,5,10,12-tetraene)metal(II), [ML'XZ] 
IM = Mn (II), Co (II), Ni (II), Cu (II) and Zn (II); X = CI or NO3 ] 
2,6-diaminopyridine (20 mmol, 0.218 g) dissolved in methanol (20 mL) 
was added to the methanolic solution of the corresponding metal salts (10 mmol). 
This reaction mixture was stirred for about 24hours and then methanolic solution 
(20 mL) of 2,3- butanedione (20 mmol, 0.178 mL) was added in a stirred reaction 
mixture. Then the resultant mixture was refluxed on a water bath for about 12-15 
Chanter-7 
hours which led to the formation of polycrystalline solid product. It was filtered 
and washed several times with methanol and dried in vacuo. 
Synthesis of dichloro/nitrato(2:16,8:10-dipyridyl-4,6,12,14-tetramethyl-l, 
3,7,9,1 l,15-hexaazacyclohexadecane-3,6,ll,14-tetraene)metaI(II), [ML^ XjJ |M 
= Mn (II), Co (II), Ni (II), Cu (II) and Zn (II); X = CI or NO3I 
These complexes were prepared by the method described above but using 
2.4-pentanedione (20 mmol, 0.207 inL) instead of 2,3-butanedione. 
7.1.3 RESULTS AND DISCUSSION 
The template reaction of 2,6-diaminopyridine and 23-butanedione or 
2.4- pentanedione with respective metal salt in a 2:2:1 molar ratio resulted in the 
isolation of a new class of hexaazamacrocyclic complexes with stoichiometry 
[ML'X2] and [ML^Xa]. The elemental analysis results (Table 16) are consistent 
with the 1:1 metal to ligand stoichiometry (SchemelS). The observed molar 
conductances indicate"^ that the compounds are non-electrolytes in DMSO. They 
are obtained in a 30-49% yield and are stable in air and insoluble in most of the 
organic solvents except DMSO and DMF (Tablel6). 
The appearance of a new weak absorption band in the i.r spectra (Table 17) 
of all complexes (1570-1620 cm"'region) may be assigned to the imine v(C=N) 
stretching vibration whose position is consistent"' with that of a coordinated C=N 
group and which indicates the formation of the azomethine group during the 
condensation. This result provides evidence for the formation of the macrocyclic 
Chanter-? 
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tramework. The bands observed in the 2870-2925 and 1405-1465 cm" ranges can 
be assigned to v(C-H) and 5(C-H) respectively. The pyridine moiety exhibits three 
important ring vibrations'••~^ i.e.6a and 8a vibrations (in-plane ring deformations) 
appearing at 602-610 and 1580-1600 cm"' respectively", while the 16b vibration 
(out of plane ring deformation) is observed at 404-415 cm"' regions. However a 
medium intensity band at 470-520 cm"' in all the complexes is due to the v (M-N) 
vibrations.'"* The spectra of nitrato complexes gave additional bands around 1240. 
1060 and 830 cm'', which are consistent with the monodentate nature of this group. 
Bands appearing in the nitro and chloro complexes in the regions 220-250 and 282-
350 cm""' are assignable to v(M-O) and v(M-CI) respectively." '^"^ 
The 'H NMR spectra (Table 18) of all the zinc (II) complexes show a sharp 
signal observed at 2.42-2.53 ppm corresponding to imine methyl (CH3—C=N—; 12H) 
protons.' The complexes of the type [ZnL"Cl2] and [ZvL'{HOi)i\ give a singlet in the 
region 2.02-2.05 ppm, which may be assigned^ '^'^ to methylene (C—CHi—C—;4H) 
protons of 2,4-pentanedione moiety. A triplet at 8.34-8.42 ppm and a doublet at 
7.55-7.72 ppm may reasonably be assigned""'''' to pyridine moiety of 
2.6-diaminopyridine molecule corresponding to Ha and Hp of pyridine ring. 
The EPR spectra of the polycrystalline copper (II) complexes were 
recorded at room temperature. The hyperfine splitting signals were absent in all 
cases instead they showed only a single broad signal. The absence of hyperfine 
signals may be due to the strong dipolar and exchange interaction between copper 
Chavter-7 
(II) ion in the unit cell/ The gn and g_L have been calculated and observed in the 
2.21-2.28 and 2.10-2.15 cm' regions respectively, which are characteristic'"'' of 
distorted octahedral geometry around copper (II) complexes. This suggests that the 
unpaired electron is present in the d^,_^: orbital (gj > gi > 2.02). The g values are 
related^ by the expression G = (g||-2)/(g_L-2), which measure the exchange 
interaction between copper centres in the polycrystalline solid.^ "* If G>4 exchange 
interaction is negligible and G<4 indicates considerable exchange interaction in 
the solid complexes. The calculated G value appeared in the range 1.7-2.5 , which 
suggests the existence of a considerable exchange interaction in these solid 
complexes. All the complexes show g,, < 2.3. It should be noted"^ that for an ionic 
environment gn >2.3, while for a covalent environment gy <2.3, The gn values 
indicate that these complexes exhibit considerable covalent character. 
The spectra of all the complexes (Table 19) are consistent with the 
proposed structures. The electronic spectra (Table 19) of the manganese 
complexes exhibit two bands in the 18,500-18,900 and 22,500-22,700 cm'' 
regions, assignable^^to ^A|g-> Tig and ^Aig-> ^li^ transitions, respectively, 
corresponding to an octahedral geometry for the manganese ion. The cobalt 
complexes exhibit two bands in the 14,600-14,900 cm'' and 21,400-21,900 cm'' 
regions, characteristic'^of the "*Tig(F)-^  '^ A2g(F) and •*Tig(F)^ "'Tig(P) transitions, 
respectively, corresponding to an octahedral geometry for the cobalt ion. The 
nickel complexes showed two bands in the 11,200-11,500 and 17,300-17,600 cm"' 
Ciianter-7 
regions, which may be assigned^^as ''A2g(F) -> ^Tig(F) and "'A2g(F) -> "T|g(P) 
transitions, respectively, arising from the octahedral geometry of Ni^ ^ . The copper 
complexes exhibit two bands in the 15,900-16,340 and 20,500-21,800 cm"' 
regions, respectively, which are characteristic"^ of an distorted octahedral 
geometry around the copper (II) ion. The magnetic moment data"''' (Table 19) is in 
further support of octahedral geometry of the complexes. 
Clianter-7 
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Metal ion promoted synthesis of 
pentaazamacrocyclic complexes derived 
from 2,6-diaminopyridine. 
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8.1 METAL ION PROMOTED SYNTHESIS OF 
PENTAAZAMACROCYCLIC COMPLEXES 
OF FEW FIRST ROW TRANSITION 
METAL SERIES DERIVED FROM 2,6-
DIAMINOPYRIDINE 
8.1.1 INTRODUCTION 
The coordination chemistry of macrocyclic ligands is a fascinating research 
area. The synthetic, kinetic and structural aspects''" of polyazamacrocyclic 
complexes have received considerable attention and a variety of 
polyazamacrocyclic systems have been synthesized by various workers/" The 
polyazamacrocyclic complexes, particularly those of tetraazamacrocycle along 
with the pentaaza and higher polyazamacrocycles have been widely studied in 
O Q 
view of their potential for binding more than one metal ion.' The relationship 
of electronic properties and reactivities of these synthetic macrocyclic 
complexes to those of naturally occurring macrocycles, such as porphyrins 
and corrins continues to promote great interest in their design and preparation. 
Studies of macrocyclic complexes have shown that some are involved in 
important biological processes"''", such as photosynthesis and dioxygen 
transport'•'"'"' in addition to their catalytic properties'•^•'^ which may lead to 
important industrial applications . Their enhanced kinetic and thermodynamic 
stabilities led to a widespread study of the features which also influence their 
potential applications as metal extractants'^'''', radiotherapeutic"*, medical 
imaging agents'^ MRI contrast agents'"'"' and can also be used as effective 
Clianter-8 
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sequestering cigents for toxic metals.' Cyclic tetraamines have received 
considerable attention owing to their coordination properties towards various 
metal cations."•' The metal template synthesis is found to be an effective 
method to synthesize macrocyclic complexes. It direct the steric course of the 
condensation reaction resulting in ring closure.'" Here in we report the 
synthesis and characterization of pentaazamacrocyclic complexes [MLXi] 
[M = Mn(II), Co(II), Ni(II), Zn(ll] and [CuLjX, ( X = CI or NO3 ) obtained 
from the template condensation reaction of 2,6-diaminopyridine with 
1.2-diaminoethane and 1,3-dibromopropane. 
8.1.2 MATERIALS AND METHODS 
The metal salts, MnX.^HjO, CoXz-eHjO, NiX2-6H20, CuX2-2H20 (X = 
CI or NO3), ZnClj and Zn(N03)2-6H20 (all BDH) were commercially available 
pure samples. The chemicals 2,6-diaminopyridine (Aldrich) and 1,2-
diaminoethane, 1,3-dibromopropane (E.Merck) were used as received. 
Synthesis of dichloro/nitrato (2:15-pyridyl-1357,10,14-pentaazacyclopentadecane) 
metal (II), [MLX2] (M = Mn(ll), Co(II), Ni(n), Zn(II); X = CI or NO3) and (2:15 -
pyridyl-1, 3, 7, 10, 14-pentaazacydopentadecane) copper(II), dichloride/nitrate 
(CuL]X2;(X = ClorN03). 
A mixture of 2,6-diaminopyridine (10 mmol, 0.109g) and 1,2-
diaminoethane (10 mmol, 0.067 mL) in methanol (20 mL) was stirred for about 
24 hours. Finally a methanolic solution (20 mL) of metal salt (10 mmol) and 
1,3-dibromopropane (20 mmol, 0.207 mL) were added simultaneously. The 
Chanter-8 
resultant mixture was refluxed for about 8 hours, giving a solid product, which 
was washed several times with methanol and dried in vacuo. 
8.1.3 RESULTS AND DISCUSSIONS 
The template reaction of metal salts with 2,6-diaminopyridine, 1.2-
diaminoethane and 1,3-dibromopropane in a 1:1:1:2 molar ratio resulted in the 
fonnation of a new class of pentaazamacrocyclic complexes with 
stoichiometrics [MLX2] [ M = Mn(II), Co(n), Ni(II), Zn(II) ]; and [CuLJX. 
( X= CI or NOs). 
The elemental analysis results (Table 20) are consistent with the 
proposed 1:1 metal to ligand stoichiometry (Scheme 16) . All the complexes 
were non electrolytes"^ in DMSO, except the copper complexes which were of 
1:2 electrolyte type. 
The IR spectra (Table 21) of all the complexes showed no bands 
corresponding to primary amine stretching vibrations. The bands at ca. 
3200cm"' assignable"^ to the coordinated secondary amino stretching mode 
indicated that the proposed condensation has occurred. All the complexes show 
bands in the 1160- 1200 cm'' regions, which may be reasonably assigned to 
v(C-N). The bands observed in the 2890-2940 and 1430-1480 cm'' regions 
can be ascribed to v(C—H) and 5(C—H) respectively. The pyridine moiety 
exhibits three important ring vibrations"'" , i.e 6a and 8a vibrations (in plane 
ring deformation) appearing at 603-610 and 1580-1600 cm'' respectively"'' 
while the 16b vibration (out of plane ring deformation) is observed at 
Chanter-8 
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H,N N NH, 
H2N NH, 
Br Br 
Mn" . Co"" . Ni"^. Zn""^  
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--I „ „ • . „ „ TT^... J- . _ • . „ _ „ ; ^ . I - „ „ J „* ^OA ^CA -1 404-412 cm regions. However, a medium intensity band at 420-450 cm' in all 
the complexes is due to the v(M—N ) vibrations.^^ The spectra of nitrato 
complexes gave additional bands around 1230, 1020, and 890 cm'', which are 
consistent with the monodentate nature of this group . Bands appearing in the 
nitro and chloro complexes in the regions 235-255 and 300-360 cm" are 
assignable to v(M—O) and v(M—CI) respectively.^^'"'' 
The 'H~NMR data (Table 22) for all mononuclear zinc (II) complexes 
show a multiplet in the 6.94-6.98 ppm region which can be assigned''' to the 
secondary amino (C—NH—C; 4H) protons of the 1,2-diaminoethane and 1.3-
dibromopropane moiety . Two multiplets observed in the 2.50-2.52 ppm region 
may be assigned to the methylene protons of [N—(CH2)2—N; 4H] of primary 
amine moiety. The middle methylene protons (C—CH2—C; 4H) of propane 
chain of the complexes show a multiplet at 1.50-1.52 ppm. A triplet at 8.39-
8.44 ppm and a doublet at 7.55-7.62 ppm may reasonably be assigned''^ '""' to 
pyridine moiety of 2,6-diaminopyridine corresponding to Ha and Hjs of 
pyridine ring. 
The EPR spectra of the polycrystalline copper(II) complexes were 
recorded at room temperature. They showed only a single broad signal while 
the hyperfme splitting signals were absent in all cases. The absence of 
hyperfme signals may be due to the strong dipolar and exchange interaction 
between copper (II) ions in the unit ceI^^ The gy and gi have been calculated 
and observed in the 2.15- 2.23 and 2.05-2.08 regions, respectively , which 
Chanter-8 
support that the d^ 2 2 may be the ground state (gy > gi > 2.02 ). The g values 
are related"''' by the expression, G = (g||-2)/(gi-2) which measure the exchange 
interaction between copper centres in the polycrystalline solid, if G>4, the 
exchange interaction is negligible and if G<4, considerable exchange 
interaction is present in the solid complexes/ In the present case G appeared 
in the 2.87-3.00 range suggesting exchange interaction in these complexes. All 
the copper complexes show considerable covalent character"' as the gy values 
are less than 2.3. 
The spectra and magnetic moment data'* '^'" of all the complexes 
(Table 23) are consistent with the proposed structures. The electronic spectra 
(Table 23) of the manganese complexes exhibit two bands in the 
18,400-18,750 and 22,440-22,600 cm'' regions, assignable^' to ^A,gVT,g and 
'^Aig—>'^ T2g transitions, respectively, corresponding to an octahedral geometry 
for the manganese ion. The cobalt complexes exhibit two bands in the 
14,600-14,800 and 21,700-21,800 cm"' regions, characteristic"" of the 
^Tig(F)^ ^A2g(F) and ''Tig(F) -> '*T|g(P) transitions, respectively corresponding 
to an octahedral geometry for the cobalt ion . The nickel complexes showed 
two bands in the 11,250-11,400 and 17,550- 17,640 cm"' regions, which may 
be assigned^' to ^A2g(F) -^ ' T,g(F) and ^A2g(F) ->^ T,g(P) transitions, 
respectively, arising from the octahedral geometry of Ni'"" . The electronic 
spectra of the copper complexes showed broad band centred at ca. 16000 cm"' 
assignable to Bi|g -> "Aig transitions, However, two weak shoulders appearing 
Clnwter-8 
in the regions 20,800-21,500 and 11,400-11,800 cm"' may be ascribed to "Big 
—>• 'Eg and "Big ->• B^2g transitions respectively, suggesting a square planar 
geometry around the copper (II) ions. 
The magnetic susceptibilities'^ ^ and electronic spectral data ' 
(Table 23) obtained for all the complexes are consistent with an octrahedral 
geometry for Mn(II), Co(II), Ni(II) and Zn(II) complexes and square planar 
geometry for Cu(II) complexes. 
Chanter-8 
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